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CHAPTER I 
I NTRODUCTION 
The Importance of Research and Development 
In the past half century our nation has been 
transformed from a predominantly agricultural society into 
the most p owerful industrial society in the HOrld . The 
abundance of natural resources found within the continental 
confines of the country and a competitive economic structure 
formed an adequate framework for this unprecedented indus-
trial expansion. Hov-rever, these favorable factors , while 
necessary, were not sufficient to produce this phenomenon. 
Industry transforms the basic materials and 
energies of the environment into facilities and services. 
Science and technology provide the knowledge for these 
transformations and the processes involved in their real-
ization. ~vi thout this special knowledge even the most 
f avorable surroundings Hould be barren. In our everyday 
relationships , the search for and provision of this necessary 
ingredient, knowle dge, is referred to broadly as " Research 
and Deve l opment ." 
The normal use of research and development is to 
supp ly the kno1.-vledge fo r an ndust rial organization ' s growth . 
This org~nization in turn contributes to an economic 
structure in which the people derive their v ery existence as 
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well as their luxurie s and pleasures . The line which differ-
entiates b e tween items of existence and tho se of joys and 
p l easure s of ten referre d to as the ns tandard of Living." 
The motivating drive fo r this applicati on of knowl-
e dge i s supplied by our competi tive economic system in which 
each i ndustrial compan y st rives to enlar ge its share of pres-
ent and f uture market s. In addition, greater diversification 
of a comp any ' s products is of ten sought both as an economic 
stabili ze r and as a protecti on against t he threat of obso-
lescence through changing times . These pre s sures manifest 
themselves as research and development programs to introduc e 
new products. Often these new products are being investigated 
at a t ime when the ve ry i ndustries which require them are 
still in the making. 
Another motive for large research and development 
expenditures i s the constant improvement of product quality 
and performance , as a reputation for quality leadership is 
an i mportant asset to any c ompany. The studies to bring 
ab out inc reased effic iency and economy in manufacturing op -
era tions are also closely allied. graphic example i s t he 
automotive industry , wh ich has b e en concerned 1:d th this phase 
of research ~nd development since i ts inception. 
The research and development effort is usually 
expended wi thin the confine s of the parent indust r i a l 
o rganization . Hov.rever , the re have been l arge grants made 
recently to outsi de i nstitutions such as universi t ies and 
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private research founda tions to provide research, usu ally 
of a basic nature with little or no direct guarantees of 
applicability. 
The military use of research and development is 
necessary to provide new weapons and to supp ort the complex 
industrial organization required by modern day warfare. The 
manner in which this has come about is ably described by 
Hr. He rvin J. Kelly, President, Bell Telephone Laboratories, 
Inc. as: 
Strength in science and tech nology also is 
essential to our p rotection and to the pre ser-
vation of our free society. In the last quarter 
century science and technology may be s aid to 
have indust r ialized warfare. Before the day of 
chemical explosives, warfare was entirely man-
p01,Tered. Even in \'lorld War I with the almost 
complete development of the application of chem-
ical explosive s to warfare, the battle Has large-
ly a gigantic human contest. Since then, however, 
t h e app lication of knowledge derived from science 
and technology to war's strategy, tactics and 
weapons has completely changed warfare from a 
contest in man's physical strength to one of 
scientific, technical and industrial strength.* 
Unfortunately, the pre sent unsettled world situa-
tion forces our country to provide a large milita ry paten-
tial. The magnitude of this opera tion is reflected in 
United States Government Re se a rch and Development funds 
for the years 1940 to 1957 as shown in Chart I. 
~:- 38, p. 122 
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CHART I 
United States Goverrunent Expenditures 
.for 
Research - Development 
Expenditure Expenditure 
Year (in millions) Year (in millions) 
1940 74 1949 1,082 
1941 198 1950 1,083 
1942 280 1951 1,300 
1943 602 . 1952 1,300 
1944 1, 377 1953 2,099 
1945 1,591 1954 2,084 
1946 918 1955 2,133 
1947 900 1956 2,282 (est.) 
1948 855 1957 2,561 lest.) 
National Science Foundation. Federal Funds .for Science 
Washington: u. s. Goverrunent Printing O.f.fice, 1956, p. 7 
The future of research and development appears to 
be one of ever increasing importance and expenditures. If 
the p a st is indicative of the future we can expect continu-
i ng expansion. The increase in industrial research and devel-
opment expenditures in the United States from 900 million 
dollars in 1941 to 5.5 billion dollars in 1955 reveals the 
great growth.* Dr. Lee A. DuBridge, President of the Calif-
ornia Institute of Technology stated that the past trend for 
an ever increasing fraction of our working force to be engaged 
in scientific and technical pursuits must continue.~-
9 
Under the double barreled impetus of the coming 
technologic age and the increased urgency of military develop-
ment, research and development will continue to be a dynamically 
expanding field. 
Engineering Shortage 
In order to staff the present and predicted research 
and development activity, large quantities of engineers and 
scientists are required. There have been many claims that an 
engineering and scientific personnel shortage exists. 
Magnitude of the Shortage . In Chart II, a curve of 
the predicted shortage or surplus of engineers and scientists 
as a function of time, is shown. This curve is based on pre-
dictions of demand from a B. F. Goodrich study, and separate 
* 17 p. 3 ~~ 4A, P· 300 
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-
1965 
YEAR 
1970 
PREDICTED AVAILABILITY OF ENGINEERS . 
1975 
Hirs c h et a l : The Relation of 
Utilization to the Shortage of 
Scientist s, I . R.E Transactions 
on Engineering Management • 
Vol.EM -S . No. 3 dated Septl958 
Page 101. 
considerations of the est i mated supp ly of newly graduated 
enginee r s.->~· The demand was pre dic ate d upon interpretations 
involving the increase i n the gros s national product from 
year to year . The result is inte r esting i n that it predicts 
a severe shortage until the approximate date of 1970 . After 
this time a surplus of technically trained personnel is shown . 
The predic ted shorta ge in 1965 of approximate ly 70 , 000 engi-
neers and scientists is noteworthy. The importance of this 
figure lies in its close proximity in time and, therefore , 
is probably more valid t h an the later date surplus predictions . 
There are some people wh o do not believe that t he 
enginee ring shortage is critica l. A recent survey stated: 
There is n o le gitimate shor tage of engineers 
judging b y the i..Jay companies reply to appli-
cations for engineering employment. This is 
the conclusi on of a g roup of 500 working and 
student engineers who co-operated with a 
survey of eng ineering recruitment techniques.~H~ 
There is another group characteri zed by Dr . James 
R. Killian, Jr. which believes in quality and not quantity. 
We need to concentrate more on the quality 
of our ovm science and technology and less 
on engaging in a technology race with the 
Russians and other nations. The last thing 
we should do is to engage in an academic 
numbers r a ce with the Russians . We need, 
instead, to concentrate on these qualitative 
aims which will keep our science and engi-
neering always ahe ad. The only sound policy 
is for the professions of sc ienc e and engj_ -
neering in the United States to seek in their 
own indigenous way to s erve the growing needs 
~~ 35 p. 101 
·ri--l(· 2B' P• 97 
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of our society. This policy and objective, 
if followed, will require them to set quality 
and creativeness at the highest achievable 
level.* 
The classified ad section of the major newspapers 
of the country are another graphic illustration of the pre-
sent engineering shortage. "Engineering Help Wanted" adver-
tisements were rampant throughout 1957 and 1958. 
The present engineering and scientist shortage is 
certainly a reality. The only critici~s that seem to be 
valid are whether this shortage will continue and for how long. 
Methods of Relieving the Shortage. Basically, the 
relief of the engineer and scientist shortage is two-fold. 
First, the training of more personnel would increase the supply 
and secondly, an increase in utilization efficiency would cut 
back the demand. 
Several suggestions have been made to increase the 
supply of engineers. Mr. Gilbert McCann of the California 
Institute of Technology stated: 
In long r ange planning, industry can play a 
major role not only in bringing to the general 
public an appreciation of the importance of 
science and engineering and the real opportun-
ities offered to young people in this field, 
but also through the support of adequate 
scholarship programs and in providing assist-
ance to the colleges to enable them to develop 
and maintain high quality and adequate research 
facilities. Industry and the technical colleges 
must learn to better understand each other's 
problems.~'} 
* 21, P• 2 
** 39, p. 34 
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Although these aims are noteworthy, we have seen 
that there is some doubt a s to how long the shortage will 
exist. Furthermore, any increase in engineering efficiency 
will correspondingly yield increases in product quality and 
a greater return on invested income. Therefore, we should 
focus our attention on the increased efficiency facet of the 
problem. This is substantiated by the recommendations of a 
fairly comprehensive analysis of the eng ineering shortage and 
an associated survey: 
1. 
2. 
Less emphasis should be placed on increasing the 
quantity of scientists. 
More emphasis should be placed on better utili-
zation of scientific manpower. 
Better utilization might be achieved through 
use of an operations research study. 
This study may result in substantially increas-
ing scientific productivity by: 
(a) Reducing duplication of effort 
(b) Improving communications 
(c) Removing inefficiencies caused by 
military policies and procedures 
{d) Removing routine operations from 
scientific personnel 
(e) Incre a sing effectiveness of data 
processing 
(f) Improving data processing 
(g) Increasing management and 
supervisory effectiveness 
(h) Incre as ing scientific 
motivation 
( i) Reducing turnover{~ 
Another survey involving some 200 personnel inter-
views, 250 personal letters and questionnaires to some 300 
companies drew as a principal conclusion: 
It is our opinion that two of t hese areas 
are critic a l to achieving better engineering 
* 35, PP• 102-103 
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productivity. These areas are planning and 
leadership. They involve determination of 
the engineering work to be done, planning 
how and by whom it is to be done and then 
getting it done effectively.* 
The Problem of Engineering Supervision 
Let us consider only the area of engineering lead-
ership or supervision for examination, since it has been 
deemed one of importance in two separate surveys for increas-
ing engineering utilization and efficiency. A 1957 poll of 
3,000 research and development people yielded: 
One conclusion from the results of the survey 
arises inescapably. More active management 
of Research and Development is a must. The 
unstructured laissez-fairs situation is con-
ducive to the poorest research performance and 
the lowest productivity. The research activ-
ity must be brought into the business. Research-
ers do not abhor good management - they want it 
and need it.~~ 
In addition, a Booz, Allen and Hgmilton survey*~P~ 
of 3,500 research workers in 23 research and development 
departments indicated strongly that the goals and purposes 
of management were not clear to the researchers. The diffi-
culty many firms have experienced in effecting a liaison 
between their research groups and top management makes it 
ciear that relationships between scientists and businessmen 
are still unsettled. 
* 17, -p. 115 
~~ 47 •p 29 n• J • -
*** 17, p. 4 
It would be wise to couple the roregoing conclu-
sions with the statement by Lawrence A. Appley: 
The most vital spot in management is the 
point of contact between the worker and 
boss. The focal point, the point of great-
est return, is the relationship that exists 
from day to day between the supervisor and 
the supervised on all organizational levels. 
Making this relationship constructive and 
productive merits more attention than any 
other management activitY•* 
In this fashion the first or lowest level of engineering 
management assumes a large degree of importance. 
In practice, this first level of engineering man-
agement is a group leader or engineering supervisor charged 
with the responsibility of the group's performance in the 
technical, schedule and cost aspects. The group leader is 
the first bulwark of management at the engineering level. 
He must coax and direct creativeness from scientists and 
engineers who have been trained to think for themselves. 
Scientists and engineers have, in the past, been 
considered different or, at least a breed apart from most 
people. This is not so. Psychological studies of eminent 
scientists, made by Dr. Anne Roe, do not show a vast differ-
ence in the amount of intelligence between scientists and 
others. Research has as yet, revealed no basic difference 
in personality between scientists and nonscientists.~~ 
It can then be concluded that, aside from their 
* 5, p. 9 
~"* 38, P• 25 
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specialized educat:t on and part i cular job application , engi-
neers and scientists are amendable to the industrial prac -
tices use d successful ly upon other groups to increa se effi-
ciency. 
The engineering supervisor , it has been pointed 
out , i s a vital link in the eng ineering chain. In order to 
increase organizational efficiency at this point , it would 
be necessary to investigate t he factors that influence the 
supervisory engineer. This should be done 1,o1i th the view of 
increasing the efficiency of the engineering organization 
by varying the performance of this supervis o r . 
Objectives of Thesis 
It is the purpose of this paper to examine , in 
deta il, t he supervisory engi neer in terms of the organi-
zational environment in which the supervisor perfoF.ms, his 
functions, responsibilities, qualifications, and training . 
In addition, pre sent-day evalua tion meth ods, what they 
should cont a in and how the y actually appe a r in industry, 
are to be investigated. Lastly, a me t h od for the initia-
tion of an eng ineering supervisor training program and the 
formul ati on of a worthwhile curriculum v-rill be suggested. 
It is quite po s s ible that meaningful conclusions 
can be drawn from t is investigation. However , it must be 
borne in mind that present-day industry is diverse and 
16 
complex. As such, any conclusions must be general and 
should include exceptions. Nonetheless, enough evidence 
exists in the foregoing surveys to guarantee that improve-
ments are possible. 
17 
CHAPTE R II 
J1H""' ~NGIN~'£ERING ORG NI Z TI ONAL E ~VI l.O H12NT 
To understand the problems and resp onsibilities 
of t h e enginee ring supervisor, it is first nece ssa r y to 
exami ne the o rganizat i onal environment in 1...rhich he wor k s . 
Thi s inv olves an appre ciation of the task that confronts 
t h e business firm employing the supervi sor. 
Nature of Tasl{ 
The t a s l{ may range in si ze from the de sign and 
development of a multibi llion dollar complex weapons system, 
such as the B-70 bomber wi th all of its attendant equipment , 
to the development of a fifty- cent shockmount for a wash i n g 
mac h ine . In ei ther of t h ese c ase s ( and f o r all those 
b etween) the basic approach is the same. The i n dividu al 
englneering jobs are separate d i n to manageable components 
and defined . The definitions take the fo rm of specificati ons , 
budgets and schedules. The proper fo rmulation of such 
specifications , budgets an sche dule s so that they contribute 
t o the desired end pro duct , compr ises a science in itself 
and is beyond the scope of this p aper . 
Assuming that the eng ineering t a s k is def i ned by a 
clean-cut specifica tion 1..rhich i s a semi-rigid technical 
description of Hords and numbe rs, it become s the re sponsi-
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bili ty of the engineering staff t o translate this paper 
task into working hardware. The me t amorphosis must be 
completed within the condi t ions of budget and schedule. 
This type of approach is applied t o the manufac-
ture of almost any item. The engineering case is complicated 
by the necessity for advanc ing the state of the art before a 
satisfactory s olution can be reached. To paraphrase more 
simply , the engineers must wrestl e natural and basic phys-
ical laws for the answer , which is almost a l ways difficult 
and sometimes i mpossible to obtain. The pressures exerted 
by management to get the job done to specifications, for the 
proper dollar value , and on time , may c a tch the engineering 
staff pi~ned agains t Nature ' s unyie l ding wall . Thi s added 
complication hei ghtens the problems a s socia t ed with the 
supervisi on of engineeri ng personnel. 
Organi zation 
The engineering environment is usually enc ompassed 
by a corporate framework dedic ated to the process of earning 
a re t urn on its investment. There are nonprof it organizat ions 
such as universities and g overnment sponsored laboratorie s , 
which do not have to return dollars to the investor; never-
theless , a technic a l return is expected on any investment . 
As in any organizati on that engages i n an apprec iable endeavor 
some resemblance of control must be exercised t o insure the 
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achievement of the originally stated goals within the orig-
inal allotments of time and funds . Al though it has been often 
facetiously held that these idealized conditions are seldom 
met, a concerted effort must be made to direct activities to 
the desired goals , an t o provide an achievement reporting 
system f or measuring success, even on an interim basis . The 
repeated failure to do s o usual ly results in the loss of the 
organization ' s competitive position. 
The organizations that various companies use to 
control their research and development activities are indi-
vidually tailored to the company needs . From the functional 
standpoint , the organizations boil do~m t o two major types: 
the project approach and the system approach . These are 
analogous to such factory management organizations as "The 
Line Organization" and "Taylor ' s Functional Organization "-:~o 
re spective l y . A third type of organi zati on , h~own as the 
combination type , is probably more popular because i t repre-
sents a tailoring or inter-mixing of the other two types to 
suit the particular needs of the company. Recently, a new 
a.nd novel " rule by c ommittee 11 approach , associ a ted with the 
system type of organization , has made an appearance . 
Project Type . Vertical organization is character-
ized by an inherent self-sufficiency of operation. In the 
* 1 , PP• 1.10 - 1.14 
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pure project type organization engineers are assigned in 
groups to specific problems or projects. These engineers 
repor t directly through their group leader to a technical 
and admin istrative engineer in charge of the project . In 
the case of large projects , a staff is often assigned to the 
project engineer to assist him with nontechnical and admin-
istrative details. Fabrication facilities, technicians and 
draftsmen are also included in the organization. Chart III 
shows that the project type structure contains all the 
necessary skills, engineering capabilities, and facilities 
to complete an entire job. The most outstanding character-
istic is the linear arrangement of responsibility and author-
ity. 
The self-sufficiency encourages quick action with 
a minimum of paper work. In the event of unforeseen short-
comings of the e quipment under development, or if the customer 
changes the specifications, the chief project engineer has 
only to pass the word and the work effort is directed toward 
the ne-v.r solution. This operation is enhanced because the 
project engineer possesses the line authority over the engi-
neers assi gned to the project, along with his responsibility 
for controlling the project.* 
The direct lines of authority and communication 
practically eliminate buck passing. An engineer is assigned 
-l} 17' p. 8 
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a job to do and any amount of hedg ing or trying to sh ift 
t he blame for its inadequacy or incompleteness is inst antly 
detected by the indivi dual controlling t he financial rewards 
and technical future of the offending eng ineer. 
The technical product produced under this system, 
is reputed to be superior. In t he cou~se of its development, 
problems involv i n g compromises can be ap~roached on an over-
all product basis. Thus, one p art of t h e p ro g ram can be 
tailored to accommodate sh ortcomings in another part. 
Furthermore, t he entire projec t embodies the same basic de-
sign philosophies. All parts of the final product will have 
the same features. For ex&~ple, all t h e parts of a device 
might be painted green, in contrast with the case in Hhich 
an assembly pro duced b y diffe ~ent groups mi ght have some red 
parts and some blue ones. It is inte r esting to note that 
t ll e author, 1...rh en recently viewing two e quipments made by 
separate departments of the s ame fi rm for diffe r ent app li-
c ations on the s ame aircraft, would have been i..rilling to 
stak e his technical reputation on a statement that they ere 
produced by different comnanies. The prominent display of 
t h e comp any insignia was t he only clue to the true parentage. 
Administ ratively, the problems of schedule s and 
budge ts are less demanding in a vertic s l organization. All 
personnel are aware of their schedul e and budget responsi-
bilities throu gh the ir familiarity with the entire p r oject. 
These problems become t he concern of every one, rather t han 
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merely the responsibility of some remote office. The con-
cepts of costs and completion time are day-to-day consider-
ations, and they enter into the design and development ac-
tivity directly and immediately. 
The project app roach is the one most favored by 
engineers themselves , for it places most of the org aniza-
tional variables wholly within their control. It is also a 
great breeder of high morale. An engineer can see at any 
time the entire project , its goals , its achievement s to date, 
and the results of his personal contributions. There is only 
room for technical workers, and the reduction of detailed 
paper work satisfies the engineering ideals. Furthermore, 
when an engineer is calle d upon to perform different tech-
nical tasks, many of which are outside his specialty, he 
finds the experience broadening and challenging. As the 
project prog resses and the nature of the problems change, 
the tendency to become bored vd th one's job is reduced. 
There are, howeve r , several shortcoming s in the 
project type of organization. It preempts a considerable 
port i on of t he com~any 1 s facilities and manpower without 
giving any as su rance of t he ir maximum utilization. I t is 
quite p ossible under t h is sys tem to h ave shop f acilities on 
standby at a time wb en e 'llphasis is b e ing plac e d on de sign or 
redes ign. It is this apparent waste t h a t le ads corporate 
managers to outlaw a full-fledged project system. The i dle 
time, unfortunately, c an be measuT•ed in dollars , while the 
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advantages of flexibility, quick action, and reduced paper 
work are not readily converted into tangibles. 
Another shortcoming of the project type organi-
zation is its demanding requirements of technical personnel. 
In order to perform all of the tasks required in a complex 
project, each engineer is forced to become a jack-of-all-
trades and a specialist at none. It is not possible for 
engineers to be aware of the latest developments in all 
fields sLmultaneously. This limitati on to the level of back-
gro~md experience allows subtle errors to be made, much to 
the later detriment of the project. Furthermore, the isola-
tion of project groups from one another acts to bar the easy 
transfer of information and experience. It is possible to 
make identical mistakes in two pro jects at the same time or 
even years later. 
The project approach relies heavily on a f ew gifted 
engineers or scientists for direction and creativene ss. Be-
side requiring such hard to obtain personnel, there is a real 
danger of overloading them when the project reaches a techni-
cal crisis. In addition, the nature of a one man show places 
a stiff penalty on the project if one o f these individuals 
should leave the company or become disabled. 
Lastly, there is the problem of breaking up the 
project team after the completion of its task. It is n ot 
likely that another project of comparable scope and natur e 
will require t he ir immediate services. This leads to the 
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piecemeal reassignment of personnel, a most unwelcome ta sk . 
Such shuffling and reshuffling make s the eng ineers f ee l in-
secure and unsure of their future. 
System Type. The h o r izontal or system t ype organ-
ization uses a number of engineering groups, each of whi c h 
specialize s in one fi e ld (se rvome chanisms, receivers, struc-
ture s, hydraulics, etc.). Rat her than working on a project 
as a wh ole , e a ch group works on the phase pertaining to their 
s pe cialty. The over- all task is broken down into components 
suitable for this type of opera tion by the project engineer, 
1...rh o is responsible for the v-rhole project. This pro ject 
eng ineer coordin ate s t he activities of all g roups, arranges 
schedul e s, and monitors costs on an intergroup basis. The 
engineering specialist g roup le ader is re s p onsib l e for the 
activity of hi s group in all such areas as technical, budget 
control, an d schedules. 
The lines of aut h ority shm...rn in Chart IV stem 
from the g roup leader, while the over-all project coordi-
nation responsibility rests with the project engineer. This 
divi sion of aut .ority and responsibility le ads to coordi-
n ati on difficulties. The s p ecialist g roup le a der and the 
project engineer may not even be in the same busines s organ-
izational unit, such as a department. Generally the coordi-
n ation function relies u pon mutual goo d 1...rill an d t he urge to 
get the job done right. In times of stress t he se intangible 
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areas or human relations can be t e point or friction and 
appeals through channels# have to be invoked. 
The strong point of the system type of engineering 
organizatton lies in the utilization of the ene;ineering 
specialist groups. By keeping abreast of the latest develop-
ments in thei r field and havine; a large store or background 
experience , they can provide eng inee ring solutions with a 
minimum or wasted time . Fruitless areas once explored are 
not re~explored . The group can shift emphasis from one proj-
ect to another to provide schedule flexibility and budget 
stability 1:rhen Horklo ads vary. 
From the standpoint of the parent company, this 
organizational scheme is well liked, particularly in the 
case of l arg e , technically o r i ented comp ani e s. There is no 
v.rhole sale shuffling of personne 1 and attendant reorganizati on 
v..rhen a pro j ect term nates or a ne1-r one a ppears . Trained 
groups of specialis ts are a l Hays on hand to launch ne1.--1 proj-
ects quickly. The additi onal p ersonnel requirements can be 
temporarily met either by Horlring overtime o r by de l aying an 
advanc ed program slightly. This type of flexibility g i ves a 
competitive advantage i n t he schedul e areas when bidding on 
nev business . Oftent i mes a past experi ence has pro duced 
enough existing prototype hardv.rare to a llow mock- ups or 
The process of conwm1icating between two functions by 
follov.ring the lines of organization upward from one to a 
point of common mane.gement and then back down to t he o ther . 
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breadboard experimental units to be constructed immediately, 
thereby accelerating the program tremen dously. 
Individual engineers benefit , too. They show the 
same physical enviro~ment an d r eport to t he same superior, 
even though projects come and go . This sense of secu rity, 
ho1rrever, may be counterbalanced if the individual engineer 
is confined by limited horizons . He is relegated to endless 
demonstrations of his narrow specialty and thus may suffer 
technical frustrations . 
The 'V'Iorst single disadvantage to the system ap-
proach is the previously mentioned division of responsibility 
and auth ority. The lines of communication are c~mbersome 
and delay corrective measures and adjustments . These fea-
tures foster buck passing in time s of crisis , usually follow-
ed by a large flurry of memos which define individual posi-
tions and op i nions . A large quantity of paper work is thereby 
generated whi ch clogs communication channels and f urther con-
fuses the is sue . It usually reduces the effectiveness of the 
project engineer, as he is the focal point for all opera-
tions . 
One noteworthy feature of the split in authority 
and responsibility has come to li ght. The project engineer 
can have a knock-down and drag-out battle with a specialist 
group over a technical detail . After the case is solved on 
its merits , there is no fear of personal animosity, for 
neither group is responsible to the other admini stratively. 
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This leads to technical project decisions being made with 
open minds on the basis of facts and not on what yes- men 
say.~~ 
Compromise Ty-pe . r1os t companies tailor the pro j -
ect and system organizations to their own special situations 
by adopting a comp romise type of organi zation. This is partic -
ularly true of small organizations where the fluctuation in 
the magnitude and chara c ter of engineering work c an be coun-
terbalanced by appropriate organization changes. 
In general, the most common arrangement o f compro-
mise organizations is the administrative separation of shop 
facilities, draf tsmen, technicians, etc ., from t he engineer-
ing group s -vrh ·C.h are arranged in a project type o rganization. 
The next step in this project modification would be the pro-
vision of specialized services, such as chemical, metalurg ic a l, 
standardization, reliability , e tc., on a plant-wide laboratory 
or divisi on basis. 
Hodific at ions to a system organization usually take 
t h e form of a pro j ect task force created to solve one partic -
ularly vexing problem. The scope of this modification varies 
directly with the size and i mportanc e of the disturbing 
problem. 
Committee Type . A novel solution t o the eng ineer-
ing organizational problem is that proposed by Mr . E. D. 
Gittens and currently used b y the Arma Division of the Amer-
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lean Bosch Arma Corporation.·:~ This scheme is essentially 
a system type o rganization which is coordinated by a com-
mittee who se members are selected from the major working 
groups. 
It is claime d that the coordination team through 
its respective members draws on t he diverse talents and 
specialized lm01.-rledge of their individual departments during 
each pha se of the pro ject development. In addition, group 
effort is applied to every phase of project activity, thereby 
providing the maximum number of ideas and considerations. 
Furthermore , buck-passing is almost impossible, for all 
decisions are made jointly. 
The advantages that accrue from this type of organ-
ization are numerous. It brings a large fund of specialized 
knowledge t o the guiding o r decision making leadership posi-
tion. The system type organization ' s maximum use of person-
nel and equipment is preserved. Standardization of components 
made by different working groups can be realized. There is 
also provision for cross checking and criticism at the coor-
dination level, and, most significantly, it gives the worlcing 
groups a broader exposure to t he over-all problems, which 
usually generates enthusiasm. 
Unfortunately, some of the disadvantages of the 
horizontal or system organization remain. Cumbersome communi-
cations and diluted authority are still problems. In addi-
* 24, PP• 35-41 and 25, PP • 49-55 
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tion, the corrunittee form engenders complications of its own. 
Hembers generally have othe r duties which force divided job 
allegiance. Committees are notorious for their slow action 
as they expend valuable time to arrive at mutually agreeable 
solutions. Furthermore, committees tend to be dominated by 
one or two individuals, and therefore do not truly represent 
joint action. 
The committee approach is not very widely found 
in industry. It may, however, point the way to the type of 
organization needed fo r coping with the increasing problems 
of multibillion dollar weapon systems. 
The Engineering Group 
The "group"# is the smallest organizational. frame-
work within which an engineer works . It is the level at 
which productivity originates. The engineering group is 
found in both the project (Chart III) and the system (Chart 
IV) structures. Whatever type of organization is applied to 
engineering functi ons , the last step invariably is the equiv-
alent of the group. 
It is in this area that the group leader or engi-
neering supervisor receives the tasks delegated by management 
and assigns them to individual engineers fo r translation into 
#May have other equivalent titles, such as "section" or even 
"department", depending on company procedure and custom. 
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har dware or concrete research results. The e~~iciency o~ 
t hese enginee ring groups determines, to a large part, the 
relati ve productivity o~ the engineering ~unction. It can 
be re adily seen that through the pyramid organizational 
structure the groups will include most o~ the engineers in 
a. company. 
For the most part , the e~~iciency or productivity 
o~ the group is determined by t h e group leader or engineer-
,-
i ng supervisor. He is the key link between management and 
t h e engineers. A ~allure or a.n incompetency at this point 
dooms the efforts o~ the subordinate engineers. 
The size o~ t h e group , which ma.y range from ~ive 
to thi r t y engineers, is often determined by the capabilities 
of t h e group leader. In many inst&~ces, the numbe r of groups 
with i n a.n organiza tion is restricted for l ack o~ suitable 
supervisory personnel.~" As we shall see in later chapters , 
the r e sponsibilities and qua.li~ications o~ the successful 
group leader are indeed complex . 
Or ganization of Actual Firms 
Godd illustrations o~ the types of organization 
found in the engi ne ering ~ield actually exist in nearby loca-
tions . The following three e xamples depict a. small basic 
research fi rm, a.n engineering ~acility for a. small man~ac-
.;:- 17' pp. 12-13 
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turing concern, and an engineering department of one of the 
largest engineering c orporations . 
Allied Research Ass oc iates, I nc .i} This organization, 
located in Boston, Massachusetts , employs approximately 200 
people and is engaged in diverse research and study programs . 
Limited deliveries of small equipment or hardware are sometimes 
a part of their effort. Their primary customers are the three 
service branches of the u. s. Government. 
The organizational arrangement, sho~m in Chart V, 
is clearly a project concept with the parallel provision of 
facilities. The engineering group leader is termed a project 
engineer. It is readily apparent that the prov ision of scien-
tific and engineering services is their chief product. 
Fenwal , Inc.~H~ Thi s organization is located in 
Ashland, Massachusetts, and employs approximately 500 pe ople . 
It is engaged chiefly in the manufacture of thermal switches , 
thermal controls , and fire detection systems. The Engineer-
ing Department of approximate ly 100 people limits their efforts 
to research and engineering in the related areas of thermal 
and fire detection devices. Military research and study pro-
grams, whi le earnestly solicited, form a small part of the 
present workload. 
The organizational arrangement shown in Chart VI is 
a projec t type . The principal engineers are of extremely 
* 52 
** 55 
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high c a liber, e quivalent to the group leader. ~1hen a large 
contract for research or development is received, these men 
fo rm the nucleus for expan s ion. At present they are engaged 
in supporting comp any prog rams and fo~nulating proposals for 
new products and for desired milita r y pro gr ams. 
A; rborne Radar Department, Raytheon Manufacturing 
Company.~~ This organization, located in \'iayland, Hassachus-
etts, employs a pprox imately 300 pe ople, of whom 22 are tem-
porarily assigned field personnel undergoing training . The 
parent organization numbers app roximately 33 , 000 people. The 
Airbo~ne Radar Department is eng aged primarily in the design 
and development of a irborne radar equipments. The actual man-
ufacturing facilities are entirely s eparate and are located 
in Waltham, Massachusetts. The pro ducts now under development 
will ultimately be used b y the U. S. Air Force. 
The organi zational arrangement is shown in Chart VII 
to be clearly a sy-stem type. It should be noted tha t there is 
approximately one project or coordination engineer for every 
three design eng ineers. This is indicative of the t remendous 
coordination function imp osed by the system approach. There 
are 22 engineering g roup leaders in this organization, and on 
t heir sh ou lders rests t he p rimary motivating functions, for 
they directly control the action of 174 subordinates. 
o~:- 54 
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CH PT R III 
SUPERVISORY ENGHTEER FUNCTIONS AND RESPONSIBI LITIES 
The functions and responsibilities of the group 
leader or supervisory engineer are an order of magnitude 
more complex than those of his conventional business counter-
part . In addition to th e normal administrat ive duties , he 
must also make sound technical decisions. It is this element 
of technical competence that adds the greatest complication. 
Should managers be chosen for technical know-how 
and exper ence or should they be selected on the basis of 
their sk 11 in planning, organizing, coordinating, and leading 
group effort? In the latte r case, technical know~how can be 
provided as needed b y the members of his staff. Thi s is a 
recurring question. Lawrence A. Appley, citing the _nstances 
occurring in '1/lorld \rJar II , decides the issue in favor of the 
professional managers.-:~ Hanagers of pe a cetime production 
lines successfully tUI'ned out a multi tude -of unfamiliar war 
items. The claim that "technical skill is highly desirable , 
but not essential, 11 s eems to b e true vlhen applied to produc-
tion management; is it also true in the case o f the engineer-
ing supervisor? Can he r ely on the technical know-how of h i s 
staff without being technically competent himself? To explore 
this situat ion fully , we must first examine the role and duties 
-l:- 2 , P • 87 
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of the supervisory engineer in terms of his function and 
responsibilities . 
Primary Functions 
Primarily the engineering supervisor is respon-
sible for the successful completion of the assigned research 
or development projects . His first step in carrying out his 
responsibilities is to break the project down i nto component 
problems, and to decide tentative methods of solving them. 
He makes an appraisal of the subordinate engineering group 
in terms of individual capabilities and assigns group mem-
bers to each of the p r oblems. 
The next step is to outline the problems and proj-
ect objectives to the group members , singly and collect_ively. 
This point signifies the beginning of the long and sometimes 
arduous process known as research and development. 
Once work has started, the supervisory engineer's 
main responsibility is maintaining progress. He must evaluate 
the accomplishments of each of his subordinate staff members . 
He compares task completion dates with the schedule require-
ments of the over-all project. He periodically appraises 
the quality of work his subordinates are performing and main-
tains a standard of quality that leads to the desired results . 
Certain quest ions never leave his mind. Are l-Te doing what we 
set out to do? Were we righ t in our original concepts? Should 
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we explore other avenues of progress? If so , how soon and 
how extensively? 
Technical Duties. Periodically a technically com-
petent and critical analysis must be made to evaluate the 
program. These analyses are the task of the supervisory 
engineer, and they practically dictate that this le ader be 
technically competent. Technical know-how and past experi-
ence are the only guides . The inexperienced leader is all 
too easily overwhelmed by trivial technical details and may 
not be capable of evaluating obscure but critical technical 
problems. 
After analyzing progress, performance, and tech-
nical achievement, the group leader expedites work th v is 
lagging and redirects those parts of the program that have 
strayed from the original objective. Some p arts of the pro-
gram will turn into blind alleys; such efforts must be started 
again alon g more promising lines. Again it appears that the 
supervisory engineer must have a technical know-how at least 
equal to that of the engi neers who answer to him if he is to 
detect devi ations from the prescribed lines of action . 
The supervisory engineer has an obligation to stay 
abreast of the latest developments in his field, and he must 
retain a broad picture of re lated engineering fields. Through 
these studies he is better equipped to evaluate novel or 
radical suggestions from his subordinates . The decision to 
41 
accept an untried suggestion and thereby implement a program 
is crucial. Successful results become the building blocks of 
future progress. Failure spells the waste of precious time 
and funds. A wise decision is required at the beginning, and 
the foundations of this decision lie in experience and techni-
cal competency. 
Technical competence is also required by the super-
visory engineer in his relationships with other engineering 
groups within the company. He is often asked to supply in-
formation and opinions on subjects that are being considered 
by the parent organi~ation. The feasibility of proposed pro-
grams, or plans for corporate development ultimately depend 
on what can or cannot be done technically. 
Administrative Duties. The broad category of admin-
istrative and leadership duties, although present in all other 
supervisory jobs, is complicated by the technical nature of 
the work. Such duties include administration of monetary 
expenditures and budgets, planning and scheduling, group lead-
ership, group technical training, and merit raises and salary 
recommendations. 
The project budget and time allotment are usually 
stated in advance by engineering management. It then becomes 
the duty of the supervisory engineer to provide the comparison 
of technical achievement with what was planned. As the 
technical problem usually treats some aspect of an unknown 
principle (otherwise it would not be a research and develop-
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ment progrBm), the marking of achiev ement milestones is inordi-
nately complicated; nonetheless it is necessary. Initiating 
corrective action t o make the milestones align with the budget 
and time allotments is also par t of his planning ~~d scheduling 
function . 
Group leadership , which is probably the most impor-
tant part of any supervisory position, is perhaps the most 
subtle . Constructively criticizing subordinates in the area 
of technical competence is most difficult ; criticizing the 
manner in which a man thinks is probably unmatched by any 
other in diffi culty. This chore must be performed in such a 
manner that individual and group eff iciencies are not impaired. 
Consi.derin g that the technical problem is unsolved, and may 
not even be recognized, it can be readily appreciated that 
there are no guides other than experience for the supervisory 
enginee r to follow. rrhere are no basi c measurements other 
than the data available at the completion of the pro j ect , 
which c an hardly be applied in retrospect . 
Group technical training is a necessity. Group mem-
bers will have diverse backgrounds, and it is p o ssible that 
the members of a group are n ot suffic iently trained in the 
narrow, specialized field in which they are engaged. Train-
ing such a group is easy, although time consuming. Almost 
all engineers have received intensive and extensive formal 
training. InstPuc t ion on technical principles "t>Ti th which the 
subordinate is not familia r is readily received and warmly 
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welcomed. However , it must be carefully prepared and it must 
be correct . Any error leads to disrespect and quick loss of 
control. Teahnical principles can always be verified; false 
statements are i nvariably discovered . 
The supervisory engineer uses meri t ratings and 
salary recommendations t ogether with persuasion and authority 
to ensure satisfactory group performance and te chnical c ompe-
tency; merit ratings and salary inc reases are the carro t 
before the horse . Everyone expects to be rewarded as his 
value i ncreases , and the group leader must be able to make 
f a ir and accurate appraisals of his subordinates , and he must 
communicate his appraisals upward to management , as well as 
downward t o the men themselve s . Hi s recommendati ons mus t b e 
fai r t o preserve group harmony and to s upply the incentive 
for i ndividuals t o 1...rork harder , be c ome more proficient , and 
i n c rease their value. 
The group le ader must be prepared to discuss his 
views with the individual i n a manner that will promote coop-
eration , good 1-1ill , and incre a sed effort . Furthermore , the 
task of convin cing management that raises are needed in the 
proper amounts and on the proper dates is not always easy. 
Mo st engineering managements are sympathetic t oward this prob-
lem, but this is not always the case . 
Communications is the last of the supervisory engi-
neer ' s primary areas of responsibility. He must maint a in the 
lines of communication emanating from his group . These line s 
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(in a modern research and development laboratory) extend in 
three directions: vertically and horizontally within the organ-
ization, and outward toward the customer and to some government 
agencies. 
The vertical lines of communication inform the 
organization management of the technical, budgetary, and sched-
uled progress of the engineering group. They also carry re-
quests for capital equipment and space, descriptions of the 
work load, and other administrative details. Management com-
municates downward a summary of future plans and an evaluation 
of the reported progress. These bits of information give the 
engineers a better understanding of the over-all picture, the 
job they are doing, and their place in the scheme of things. 
The morale of even the lowest engineer is adversely affected 
when he does not know the purpose for which his energies are 
being expended. 
The horizontal lines of communication to 0ther en-
gineering groups are necessary for maintaining technical co-
ordination. These horizontal lines also link the service 
groups, purchasing, inspection, drafting, plant maintenance, 
etc., to engineering. Understanding their operations results 
in faster service and fewer slip-ups and blunders. E~ery seg-
ment of a business organization has its problems, and the 
better they are understood by companion groups, the less con-
fusion and delay ensue. 
The lines of communication extending outward from 
the plant are used to coordinate the group activities with 
the customer and with vendors. Information about the custom-
er's technical requirements passes along these lines, as does 
a description of a vendor's technical performance and a series 
of instructions to the vendor. 
Formulating progress reports, which are generally 
contractual requirements in research and development projects, 
also takes some of the supervisory engineer's time. Although 
these technical reports are generally edited by a publications 
staff, the information supplied by the engineering group must 
be concise and wholly accurate. False infor.mation cannot be 
tolerated. The supervisory engineer devotes both time and 
effort to ensure that a report accurately represents the facts 
and cannot be misinterpreted. Another complication sometimes 
arises from the fact that in government sponsored projects the 
reports are distributed to individuals and organizations Who 
are interested parties in allied engineering fields. These 
reports then constitute the basis for the opinions they form 
of the technical and business integrity of the company issuing 
the report. A few careless words indicating technical inept-
itude can damage the company's reputation with subsequent 
loss of future business. 
Secondary Functions 
The supervisory engineer is also faced with many 
secondary duties. Although they are discharged on an infre-
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quent or part-time basis , they are n ecessary and too important 
to be neglected. 
Recruit i ng . Re cruiting engineering personne l is a 
most exac ting chore . Yet ~ the performance of a group ( and 
ultimate ly the measure of the group l eader ) is directly relat-
ed t o the caliber of the group personnel . It therefore behooves 
the supervisory engi neer to make every p os sible effort to sur-
round himself with design engineers of proven qualifications . 
Curiously, recruiting is often a two-e dged sword. 
The supervisor must decide t hat a job applicant is worthy of 
the position, and at the same time convince him that the job 
will be i nteresting , sat isfying , rewarding, and within h is 
ran ge of qualifications. In these days of engi neering short-
ages, recruiting is a mos t trying task . 
Recruiting i s of ten done at the parent plant , which 
the appl i cants are invited to vi sit . Many firms employ r e-
cruiting teams th at visit the campuses of enginee ring colleges 
and unive r sities i n an effort to find and c ompe te for the most 
promising gra duates. Because the supervisory engineer is 
technic a lly competent in his fie ld, he may be assigned to the 
team and aske d to seek out faculty members and hold discus-
sions with them, for t he purp ose of exchanging technical infor-
mat ion of a speciali zed nature . The company ' s pol cies for 
disposal of obsolete but useful equipment might be mentioned. 
At the same ti~e he may make inquiries about the rela tiv e 
merits of the graduates . 
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Customer Relations. Another little publicized duty 
is the reassurance of customer relations when progress appears 
slow. Most engineering firms maintain sales and application 
staffs to support relationships with the customer. However, 
when serious difficulties arise, such as a product malfunction 
the healing balm is usually applied during a visit by members 
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of the design engineering staff. In this capacity the engineer's 
first duty is to solve the technical problem, but maintaining 
customer good will is just as important. The technical rep-
resentative must earn the professional respect of the customer's 
staff. An uncooperative attitude can be disastrous to business 
relations. Conversel~, cordial relations can lead to a better 
over-all project understanding and perhaps pave the way to 
future business. 
Community Affairs. A neglected duty in the engineer-
ing field which will probably assume greater impo~tance is 
participation in community affairs. Many companies today make 
gestures, such as sponsoring training programs in cooperation 
with local schools and civic organizations. The day is fast 
approaching when engineering firms will cooperate regularly 
with s chool authorities in teaching science courses. Here the 
supervisory engineer will be called upon to render mature aid 
i n the interest of community affairs. 
A pioneer education program* initiated b y the Hughes 
Aircraft Company and the Los Angeles School System in 1956 is 
* 9, PP• 7-10 
indicat ve of the trend . The pro gram, called the nschool-
Industry Program, 11 is many sided; it trains teachers in indus-
try and provide s gifted students v.rith opportuni ties for summer 
1-~rork in research groups. Perhaps the most importa_nt contribu-
tion is the formation of lecture te ams made up of experienced 
engineers. The lecturers not only discuss their t echnical 
specialties, but also talk briefly on their personal back-
grounds and education .. 
Particularly in the Boston area , engineering fir.ms 
encourage and u_nder-v;rri te evening courses. The evening tech-
nical courses at such institutions as Northeastern Graduate 
School , Lincoln Technical Institute , and 'ltlentworth Institute 
raH h e avily on the engineering ranks for instructors . 
More conventional participat ion in community affai r s 
t CommQnity Chest, Boy Scouts , YMCA, etc .) is encouraged by 
large firms liffi General 'lectric Company-l:- because they be-
lieve tha t such participation can accrue b enefits to both the 
company a_n Q the individual. Some comp ani e s have expressed 
this feeling by stating that they are in business not only to 
make a p rofit , but a lso to provide satisfying and cons t ructive 
lives for themselves and for their employees . -lH:-
Part icipation in community 1-vork has a b eneficial 
effect on the individual. There is a. tremendous amount of 
personal satisfaction to be derived from t his type of wo rk . 
-::- 4, p. 259 
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There is also the opportunity to meet, on an informal basis , 
people from many walks of life -- lawyers , doctors, civic offi-
cials, and colleagues from other companies . Contacts such as 
these broaden the i ndividual ' s outlook , and somet i mes show 
him how problems are solved in other fields . Lastly, the added 
experience has a tendency to make the man a better leader. 
There is confidence to be derived from solving probl ems not 
concerned with the earning of one ' s da ily bread. 
The parent company gains some measure of prestige 
when it encourages employees to ent er civic work , both in the 
eyes of the loc a l community and in t he esteem of its empl oy-
ees . Good community relations show that the corporate soul 
has a heart not devoted solely to earning money for the share-
holders. ~-!ercenarily speaking, however , commu.11ity relati ons 
pay off when the corporation cooperates with the community 
on such matters as local traffic conditions , zoning, and 
eventual ly taxes. Hm.;ever, no one ever likes to thinl{ o f 
civic participation in this ligh t . 
Professional Society Participation. It is expected 
of engineers and most certainly of the supervisory engineer 
that he take an active interest in the affairs of his profes-
sional soc i ety. This includes attending symposiums and con-
ferences. Contributions in the form of papers and lectures 
may not be required, b ut they are favored by management. 
There is always a pressure on the supervisor and hi s group to 
participate actively. Preparing such papers , however , sup-
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ported as it may be by the company, does not show up in the 
supervisor ' s work schedule , and therefore i mposes an extra-
curricular task on an already heavily burdened engineer. 
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CHAPTER IV 
NECESSARY QUALIFIC -TIONS OF A SUPERVISORY ENGINEER 
The duties of: the engineering supervisor v-rere 
described i n Chapter III,. Now let us consider the attributes 
of the man wh o fills this position. These qual if:ications 
fall into two categories, technical and administrative . 
· Technical Qualifi c ations 
Technical Proficiency. The engine ering supervisor 
obviously must be technically competent. A thorough know-
ledge of his field is a necessity. He must be a-vJare of the 
technical progress of o ther organizations in the same field , 
so that he will be able to apply the latest techniques ( s ome-
times referred to as the " state of the art " ) to his own proj-
e c ts . 
This individual must also be thoroughly grounded 
in the basic principles of science. Using the tool s of mat h -
ematics and phys ic s he a t tacks a problem in terms of natural 
laws. Solution by r ote , based on past experience , rarely 
leads t o the new approaches and techniques that represent 
progress . The basic physical princi ple s are invaluable i n 
evaluating n ovel approaches suggested by subordinates . The 
supe r visor must c onsider new approaches , cut short unsound 
technical arguments , and exploit promising lines-, Further-
52 
more, these technical fundMaentals are a necessity in discuss-
ing the current p roblems with talented subordinates I.Yho may be 
technically more capable than the supervisor. 
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Open-Mindedness. The supervisor must be "technically 
open-minded." He must be able to accept other points of view 
and at times subordinate his own. The value of an idea for 
the solution to the problem is the prime consideration, re-
gardless of the source. 
Ability to Learn. The constant addition of knowledge 
to maintain his technical proficiency is a requirement of the 
engineering supervisor. He must retain the ability and desire 
to learn, an attribute described as one key to the success of 
a professional man.* This task becomes difficult wh en con-
fronted with routine work and perhap s accounts for the engi-
neer's often voiced desire for challenging work. 
Knowledge of Allied Fields. A work ing knowledge of 
associated and allie d fields is a necessity, too. The ability 
to communicate on technical matters with groups of people 
associated with other fields is of paramount imp ortance. For 
example, an electronic tube designer may have to consult a 
metallurgist on a problem concerning the corrosion properties 
of a newly designed product . Although the tube desi gner is 
operating outside his chosen field he must be able to "talk 
the othe r man' s language. " 
Technical Expression. The ability to be technically 
expressive is an i mportant a sset. An engineering supervisor 
is required to instruct his subordinates . This quality is 
i nherent in some people; in others it has to be painfully 
acquired. If a supervi s or conceives a technical plan and 
cruLnot adequately communicate its details to a subordinate , 
he has wasted h is time. 
Administrative Qualifications 
The nece ssary qualities to perform in an adminis-
trat i ve capacity c an b e li sted in never-ending detail. Basi-
cally, they are described by a single word, le adership . The 
word by itse lf signifies little . However, Mr . c. E . Irvin 
gives an extremely b road and lucid descri ption of the five 
qualities the best l eaders have in c ommon : 
1 . A sense of proportion. 
Ge orge Washington Carver, t he famous sc i entist , 
told this s tory on hims e lf. When he was y oung 
and ambitious, he P!'a:yed :. "Lord, tell me all 
about the universe. " The Lord looked down and 
replied, '~ow , George , t ha t ' s a pretty big orde r 
fo r a little guy like y ou. Why don ' t you think 
of something else? " So Carve r prayed agai n : 
"Lord, tell me all about the peanut." Smiling , 
the Lord said, "Now, Ge orge, t hat ' s more your 
size." Dr. Carver did important things 1.J"ith 
the peanut . He convinced the fa rmers of Alabama 
that in addition to cotton they could grov.r 
peanuts and other crops. Sin ce then, the peanut 
crop has brought the South an i n come of <!1'60 
million in a singl e year . From the pe anut , 
Carver made more than 300 products , ranging from 
salad oil to soap and ink . He concen tra t ed on 
one task at a time, modestly ad ed one a ch ieve-
ment to another. His genius was c ouple d with 
a rare sense of proportion . 
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2. 
4· 
The ability to be oneself. 
Emerson in .his great essay on self-reliance 
said, "• •• sooner or later, every man finds 
that to imitate is suicide." Yet, typical 
of our times is a statement published not 
long ago which reads: "Never have so many 
done the same thing under the same circum-
stances so repeatedly." A certain amount 
or conformity is both necessary and desir-
able. But a man who forfeits his identity 
cannot lead others. 
Genuine enthusiasm. 
Charles Schwab, one of the few men ever to 
be paid a million dollars a year in salary, 
said that his most precious personal asset 
was his capacity to arouse enthusiasm among · 
his men. He added, " ••• take away my plants, 
take away my inventory, but leave me these 
men, and I 111 build another steel empire." 
Inspired men have accomplished the impossible; 
and the spirit that inspires them almost 
always comes from the top down. 
Sincerity. 
Today management is not only responsible 
for - the transmission or technical "know-
how," but is also responsible for "will-do." 
And this depends ultimately on the attitudes, 
feelings, and sentiments of its employees. 
Workers trust the ideas of management only 
insofar as they trust the men in management. 
The ability to think in terms of the other fellow. 
A leader lmows the truth of the saying: "The 
most important five words are 'I am proud 
of you•; the next four are 'What is your 
opinion?'; the next three are 1If you please'; 
the next two are 1Tha.nk you 1 ; and the small-
est word in the world is the pronoun 1I. 1 
These are some of the major qualities -that 
permit a man to accept responsibility for 
the work life of other men. These are the 
raw inner materials, the stuff of which 
good managers are made.* 
These are qualities which not only make for better 
engineering supervisors, but for better men. Since this well 
* 5, PP• 16-17 
55 
describes leadership qualifications in general, only those 
specific items which are complicated by the addition of the 
technical nature of the work to the leadership problem will 
be discussed. 
Tact and Human Understanding. The engineering 
supervisor must possess a great deal of tact and human under-
standing. Although this is a general requirement for any 
administrative position, it is imperative in the engineering 
field. As pointed out in the previous chapter, an engineer's 
work output is the result of his own creative thoughts; he 
often takes product criticism as a personal insult. He is 
prone to read hidden meanings into suggestions for improve-
ment. Therefore, the quality of being able to correct and 
reorient people without arousing antagonism is of paramount 
importance. 
In striving for perfection, it is important not 
to lose sight of human failings. Subordinates must be en-
trusted with jobs slightly larger than their present capabil-
ities. Mistakes will be made, of course. Engineering super-
vision must be capable of detecting these errors in time to 
limit their harm. The supervisor has to be philosophical and 
allow mistakes, yet not permit the attitude that mistakes are 
acceptable. 
Analytical Ability. The ability to get to the 
bottom of a complex problem by separating its component parts 
and equating each to a useful relative value or priority is 
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a necessity. This ingredient is a requirement for all ad-
ministrative jobs, but the addition of technical problems 
adds another order of magnitude to the complexity. Human 
relations are now mixed with the problems of scientific 
investigations. 
The basic method for unraveling knotty problems 
of this dual nature is to demand and evaluate the facts. 
Recognition of the facts is only part of the chore. Posi-
tive action based on a realistic analysis of the facts is 
the key. 
All too often there is a preoccupation with some 
trivial detail after the problem is examined and the facts 
are recognized. The engineering supervisor may experience 
this subconsciously because he senses that this detail can 
be solved completely. Meanwhile, a larger, more important 
problem which at best promises a vague indefinite solution 
is ignored. Thus, the ability to practice a "first thing 
first" philospphy is indeed a necessary attribute. 
Art of Delegation. The art of delegating authority 
and responsibility is a requisite for any administrator. It 
is a particularly difficult quality for an engineering super-
visor to acquire and maintain, for he has probably come up 
through the ranks and is oriented toward the technical con-
tent of the work. There is a tendency to mistrust another's 
deductions from the data, and a desire to participate in the 
data collection or to become involved in the interpretation 
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of the da.ta..-3~> To insist on detailed participation in tech-
nical problems on a. continuous basis leads to undermining 
morals and limiting subordinates' technical development. 
Some supervisors never quite a.tta.in the ability to delegate 
the whole problem to a. subordinate and thereby limit their 
own administrative advancement. The measure of an individ-
ual 1 s administrative ability is how large a program or 
· operation he can successfully direct. 
Bag Holding. The ability to assume the responsi-
bility for decisions is a requisite for one performing in 
an administrative capacity. The engineering group leader 
must be able to "hold the bag" when things go awry. This 
includes the a.rea.s of technical decision as well as admin-
istrative blunders, such as having too little effort devoted 
to a. critical job, or having a. man performing an unsuitable 
task. 
It is all too easy to "pass the buck" if a deci-
sion should be wrong. The tendency to do this soon results 
in a lack of faith in subordinates and a consequent loss of 
control over the group. Neither will superiors tolerate 
blame shifting, for they are interested in getting the job 
done and not in excuses, valid or otherwise. It is said 
that the stature of an aQministra.tor ca.n be measured directly 
by the size of the ba.g he Js willing to hold.~}-~ 
* 15, p .. 63 
-3~* 40, p. 70 
58 
Ability to Communicate. The ability to read and 
write the native language is usually tak en for granted. Hmv-
ever, if t h e stipulation is made that this means the ability 
to communicate clearly and effec tively, t h is attribute can be 
judged scarce indeed. As outlined in the previous chapter, 
the eng ineering supervisor is faced with the responsibility 
for communicating vertically and horizontally within his own 
company and outside it. 
He must both write and speak cle a rly. Ideas or 
progress re ports to management may be presented verbally in 
fo rmal meetings or in hurried "in the hall" consultations. 
No matter what the circumstances, there is a definite re-
quirement for quick, accurate, well chosen spe ech to present 
the idea s and opinions of the engineering group leader. The 
technical versus nontechni c a l forms of presentation apply to 
the spoken word as well as to the written report. 
This communication must be carried on in two 
languages: one, the equation•laden, concise, precise and 
technically correct jargon of the scientific field for com-
munication with subordinate eng ineers and other technical 
personnel: the other a nontechnical simplified description 
for nontechnical members of management. 
The t wo l anguage s do not mix. A technical expla-
nation to management usually brings the statement, "Just give 
us the facts-don't both er with the details." This usually 
infuriates the engineering mind, for it is the precise facts 
that are being described, and b ecaus e they are not understand-
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able in their technical form they are or will be sidestepped 
for a fictionalized, less accurate, and sometimes misleading 
version. 
The other level of language (the concise technical 
one) is used when engineering personnel discuss ideas which 
can be expressed mathematically and pictorially. In fact, 
when two engineers meet, the opening statement for a techni-
cal discussion is, "Give me some talking paper." The paper 
is usually covered with equations and sketches before half 
the discussion is complete. If any attempts were made to use 
the popular version reserved for nontechnical personnel, the 
result would be regarded as comedy. 
When the two forms are mixed, interesting situations 
occur • ..J~ Suppose two technical subordinates and the engineer-
ing supervisor are asked into the office of a nontechnical 
manager to explain a particular problem. The subordinates 
will invariably converse in "Technical" and quibble over minor 
details pertaining to accuracy, much to the non-comprehension 
of the nontechnical manager. The supervisor who is bilingual 
will probably be able to translate the problem to the manager 
in "popular" terms. However, the two subordinates will think 
he slipped a wheel or at least forgot basic physics and any 
other relevant sciences. They may try to make on the spot 
corrections, much to the embarrassment and compromised feel-
* 42, p. 63 
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ings of all parties. The answer to this hilarious situation, 
which incidentally happ ens not inf r e quently, i s probably a 
short fi ve minute pre-meeting briefing to the subordinates 
on the problem of language . 
Salesmanship. The ability to communicate effectively 
and the need f o r understanding people have been c overed . If 
both of these attributes are combined with an enthusiasm for 
influencing people to follow a suggested train of thought, 
we have all t he basic ingredients of salesmanship. 
The ability to sell ideas is i nvaluable. I t is 
rarely sufficient to state the facts as they appear on the 
surface. In order to make one set of ideas compete favor-
ably in a market full of ideas , they must b e presented with 
that subtle component of human qu alities called salesmanship . 
Management has to be " sold" on new ideas that are 
generated by the engineering supervisor or his gr oup. The 
facts must be presented ln suc h a manner that from the manage -
ment point of view it makes good sense to buy. This involves 
the ability to determine and to emphasize the values that man-
agement hol ds most dear. 
Subordinates have to be sold on i deas generated both 
by management and the supervisor. The individual engineer ' s 
performance of a ch ore can be expected to be lacklustre if the 
whys an wherefores behind it are not known. Explaining the 
badcground in terms that the engineer can appreciate generates 
enthus i asm Hhlch is the main part of the art of salesmanship . 
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Anothe r facet of salesmansh ip is needed in relation-
ships with external engineeri n g groups and engineering socie-
ties. The presentati on of technical findings ha s to be done 
i n the manner best calculated to create the most favorable 
impress ion. The presentation h as to be "p itched" t o the needs 
an d intere sts of the audience. 
It v.rou ld seem that the applicat ion of' salesmanship 
c ould be planned for separate presentations. This is not so , 
fo r salesmanship is required in t he perfo rmance of th e normal 
work day inte r chang e of ideas and impre ssions. The success-
ful e ngineering supervisor has to practice s a l esmanship in-
stinctively if he desires to get maximum benefit from t h e 
ideas generated about him. Of' course , it is readily under-
stood that selling unsound reasoning le a ds rap idly to dis-
a ster. To prevent this , the engineering supervisor mus t apply 
the discu ssed attributes of technical competency and his sens e 
of values. 
Pe r sonal Assurednes s . For the engineering sup e rvisor 
to present a competent appearance, he must possess personal 
assuredne ss , s ometime s r eferr ed to as poise . This i s a catch-
all category of person al qual i ti e s. It t akes i n to acc ount 
the ability to c r eate small talk during lulls i n business 
conferences , a sense of humo r to temper t he harshness of un-
f avorable realities , knowle dge of items out s ide the t e chnical 
field , a sense of s ecuri ty when e ngaged in business ll.mche on s 
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or dinners, etc. In general, these are the attributes or a 
well rounded , well oriented person adjusted to modern living. 
Strange as it seems, these are the very qualities 
that are lacking in a great many of our technically minded 
people. Their educational background has been specialized 
in a narrow technical region. Recently t h ere has been a great 
deal of controversy in the arrangement or technical college 
curricula to include liberal art subjects. Their inclusion 
is devoted to producing well rovnded individuals. 
The necessity fo r personal assuredness is su bmerged 
at the basic eng ineering level. However, as engineers rise 
in the administrative organization and come into contact with 
more and more people of diverse interests and backg rounds, 
these qualities become more import ant, if not downri gh t nec-
essary. 
CHA.PTER V 
TRAINI NG OF SUP ~'RVISORY ENGI NES RS 
The day he is elev ated f r om his n ormal engineering 
duties t o a position of l eadership responsibility can be the 
mo st signifi c ant , and at the same time the mos t bewildering 
in an engineer 's c a r ee r. As he undertakes his new duties , . 
however , he may s oon reali ze tha t he is ill-equipped to direc t 
the activ ties of a group that probably inclu des five design 
engineers and thei r supporting technici ans and draftsmen. 
His engineering background and experience assure 
that he will be able t o h andle the technical part of his 
duties. After a fe vJ months in his new role he reveals a lack 
of training in administration. This t ype of tra ining cannot 
b e had on short notice , and is not effective unless he , the 
supervisory eng ineer, is willing to train himself . 
The lack of proper training is the crux of the en-
gineering supervisor ' s d:i. lem..ma"~~, and is t he principal cause 
of i n e ff iciency at the group leader level. The tra i n ing of 
engineering supervisors i s a task seldom directly approached 
by educational institutions. Ne ithe r do many industrial firms 
recognize the need for training the engineering supervisor. 
There is some evidence, however , tha t programs directed to-
ward producing better engineering supervisors and managers 
are beginning to gain i mpetus. 
-:~ 32 , PP • 62-64 
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To gain a better understanding or the training 
problem, let us examine in detail the areas or technical and 
administrative training that are available to engineering 
supervisors. For conveni ence, the descrip tion or this train-
ing is divided into rormal , semi-rormal , and inrormal catego-
ries. The degree or rormality pertains to t he manner of pre-
sentation to the individual.-
Technical Training 
Formal. Most engineering supervisors are trained 
engineers berore their promotion to a supervisory position. 
Their formal training is received at an accredited college 
or university, and consists at least of qualifications as a 
Bachelor or Science . 
The engineering curricull~ , rour or five years 
long, encompasses courses in basic sciences (physi c s , mathe-
matics, chemistry, etc.) to provide a broad base or r~tndamen­
tal knowledge upon wh ich ruture specialization can grow . A 
limited amount of s pecializat ion is included in the work lead-
ing to the Baccalaureate . The nature or this specialization 
determines the familiar rield classification , such as Elec-
trical Engineering, Food Technology, Naval Architecture, etc. 
Graduate level instruction leading to advanced 
degrees (Master or Scienc e or Doctor or Science) p r ovides 
addit ional technical specialization. The scope or subjects 
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available is i n dicated by the rorty separate sepcialized 
courses orrered by the Electrical Engin e ering Depart ment or 
the i'1assachusetts Institute or Technology.~<- Approximate ly 
sixteen other departments or this institution orrer a compa-
rable range of subjects . Other institutions or hi gher l earn-
ing do not orrer as diverse a s e lection, but noneth e l ess 
present a conside rable n umber or courses , providing gradu ate 
engineering student s with highly specialized bac kg rounds in 
one or mo re ri elds . Onl y a small pe rcen tage or t h e t o tal 
numb e r or eng ineers t akes rull advantage or advanced degree 
t raining. 
Anothe r type of ro -rmal technical tra ining gaining 
favor in the l a st decade i s the coop e r a tive prog ram , whi ch 
allows practic a l experie nc e to complement t he ac a demic pro-
gram. The stu dent sp e nds alte r nate terms applying his l e arn-
ing to p r ac t ical t ask s in the employ or a company r e c ommende d 
by t h e school . This type or training not only rurnishes a 
r e f erence r rame for the sch olastic ende avors; i t i s a v a luable 
exp e rience r or the f L.,_ture eng ineering supe rv isor . The writer ' s 
persona l c oope r ative t raining expe ri enc e i ndic a t es t hat ramil-
i ari ty with the p roblems and attitude s o f te c hnici ans and 
dr a rtsme n , gained vihile work i n g with t hem on e qual t erms , 
stood h im i n good ste a d a f t er h e h a d a t taine d a p rofe ssional 
engi n e ering level. In t h e labora tory t he e ngineer r elation-
shi p v.ri t h technici an s an d r a rtsmen cs be like n e d to the 
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officer-enlisted man re l ati onsh i p of the mi litary services. 
The cooperativ e student gains the advantage of working up 
througb t he rank s. 
nether development in the provision of technical 
tPaining for engineers is the ·Hillingne ss of industry to 
underv.rri te full-time graduate level programs fo 1~ selected 
outstanding i ndividuals. The Raytheon Manufacturing Company-:<-
provide s tuition, b ooks , textbook allowances , fees, and a 
monthly salary 1.-Ji th no obligation on the student or . t he com-
pany after the student completes the program . 
Gaining a fo rmal specialized technical education 
is one of t he most difficult personal struggles.~~-:~ It is 
no v.ron er that administt>ative training , if provided at all, 
is releeated to a secondary position. 
Semi-Formal . The semi-formal areas of technical 
training are usually restricted to courses of instruction 
after working hours . Such evening courses are often subsi -
di zed by the e · _gineer 1 s employer.-~:--::--:<- The engineer can develop 
a techni cal s pec ialty at no cost other than his time and effort , 
prov:i.ded he maintains satisfactory grades . Administrative 
courses are not generally subs idi zed ; occ asionally special 
arrangement s may be made. 
Courses and special l ecture groups are sometimes 
provided by an employer. Fo r example , the Raytt.e on Manufac -
-:r 19 
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turing Company and Arthur D. Lit t le, I nc . , are presently 
sponsoring an evening graduate l e v e l filmed series , 11 pace 
Technol ogy. 11 
I nfo rmal. Mos t of an engineer ' s af t er-school 
tra ining i s info~al , and may be aptly described as keep-
ing up - l-lith- the - state- of-the-art . This i ncludes the con-
siderab le tasl~ of reading many t rade and professional 
s oc iety publ i cations , reference books , spe c ial reports , and 
r ese arch and development progress reports distr ibu te d b y 
government agencies . Company r esearc h bulle tins Sl'l]"e ll the 
number . 
An engineer re c e ives on-the -job tra i ning wh en h e 
seeks the a v ice of his supervisor . A great deal of tech -
nical kno;,1ledge i s passed b y Hord of mouth. He als o gains 
a ctual experience on the job . In many i nstanc es there i s 
n o -vmy to de te rmine th e ansvrer to a vexing probl em e x cept 
through e xperimentati on , a pri mary sour c e of k.nm,Jl edge, 
Furthermore , through sup e rvisory links , the expe rienc e of 
one engineer b e c ome s kno1..J"n to h is colleagu e s . 
The informal "bull sessi on" mu st not be discoun ted. 
Re search problems have been solved as a result of leisure 
h our discussions . Engineers ' wives know well that engine e rs 
can r -re l y b e preven t ed from talking shop whenev er they 
assemble . 
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Administrative Training 
Formal. Few engineers ever receive any formal admin-
istrative training. Indeed there are many so-called "Bus1nes:s 
Ad.ministration" collegiate engineering programs. These, how-
ever, rarely produce supervisory engineers; instead they usually 
develop a technically oriented administrator for the business 
functions of a modern business organization that makes a tech-
nically complex product. The engineering supervisor may study 
a few administrative subjects during his formal education. In-
cluding even a limited number in his crowded technical schedule 
usually presents difficulties. Even if he does take some ad-
ministrative courses, it is doubtful that he derives much 
benefit from them. They are taken sporadically, without any 
practical reference frame, and hence are almost meaningless. 
Furthermore, the training is not put to practical use during 
the four to ten years that pass before the fledgling engineer 
rises to a supervisory position. 
The engineering supervisor may be able to leave his 
position long enough to complete a course at one of the many 
fine graduate schools that specialize in Business Administra-
tion. Unfortunately few can afford the loss of income, and 
this avenue to education is seldom traveled. 
Evening courses at local universities are the most 
popular means of gaining an administrative education. A 
variety of programs is available, and some lead to advanced 
degrees. These courses are extremely valuable because the 
student has the advantage of experience in the practical 
business world to guide his ch oice of s ubjects . The learn-
ing effort and the re t ention charac teri stics of the s t udent 
are greatly enhanced by his opp ortunity to relate t he sub j e ct 
material di2~ctly t o his ex perience or to the o rganizational 
environment in which he works . 
The evening schools gain another advantage through 
their use of "c ase study" typ e courses . Case historie s of 
actual business organizations a re used to illustra t e part ic-
ular points of study . The comments of a group of evening 
students of diverse back grounds , each with a pra c tical busi-
ness reference frMae , form a c omprehens ive analysi s of a 
problem tha t is unequaled in quality by any textbook . The 
opinions of eng ine e rs , account ants , educators , admini strators , 
and file clerks mi ngle to form a many-faceted examination of 
any case problem. The knowledge of the effect of a problem 
on all the elements of its organization is automatically and 
unobtrusively i nter jec ted i n t he teaching program. Unf o r -
tuna tely, these courses of i nstruction are rare l y slanted 
toward engineering management . 
Semi-Formal . A fe 1rJ companies have made attempts 
to provide administrative training for the ir engine ering per-
sonne l. These p rograms are generally given in c ooperati on 
Hi t h local universities. Unfortunately they a re usually 
limited to the managerial level and are seldom attended by 
the enginee ing supervi s or . The "Advanced Management " course 
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sponsored by Raythe on in cooperation wi th the Massachusetts 
Institute of Technology ~nd Harvard University is a good 
example. The course was limited to fifteen c andidates of 
management level throughout the enti re company. Although 
all associated t-vith the course responded enthusiastically, 
no repeat offering has been made or is being contemplated. 
Company sponsored programs for training at manage-
ment level , technician level, and even secretari al level are 
widespread.. The writer 1mows of but one champion of training 
at the level of the supervisory engineer. The Radi o Corpo-
ration of America devised a program called " RCA Training for 
First-Level Supervisors of Engineers. "-:c Here a need f or a 
supervisory level tra ining program has been g iven considerable 
thought and company priority. 
The RC program uses a group technique; the group , 
made up of engineering supervisors, is encouraged to formu-
late problems and to define the areas in which instruction ~ 
needed. A program coordinator, supplied by management , 
arranges for speakers or panel discussi ons. Typical sub j ects 
include marketing, organizat i on development , personnel , 
corporate staff , and engineering management. Training is 
made available to the engineering supervisors on a semi-
formal basis during his normal working hours . 
Informal . Informal administrative training is 
provided, . for the most part , by lectures, panel discussions, 
·:c 4, pp. 289-296 
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and articles in periodicals tha t deal with the general aspe c ts 
of the problem. The material may deal with a spec i fic c om-
pany, and may highlight the re lationships between o rganiza-
tional functions , such as sal es and engi neering . Other material 
may deal with administrative prob lems within the industry. In 
general , these bits and pieces or information wil l c over a 
wlde range or sub j ects . Ass i mila ting these presentations and 
separating the wheat from the chaf f requires diligence and per-
spicacity. However, the exposure to thi s mass of i nformati on 
i s certain t o leave an i mpressi on which c an do l i t t le harm. It 
is usually the means by which the supe r v i sor can orient himself 
with his organization and h i s plac e i n i ndu stry. 
The most dramati c form of train_ng in the business 
field is the teaching afforded by the supervisor t o his sub-
o rdinates . This fo rm of c o achi ng i s highly regarded at the 
Boeing Airc raft Company.~~ Unfortunat ely, this mode of train-
ing is only as good as the i nstructor. Relying on i t as a 
ccrmpany measure leads to spo tty and uneven resul ts . 
The self-help pri n cip l e i s widespread . It is predi-
cated on the beli ef that a good man will avail himself o f the 
abundance of material that exists in printed form . He wi l l 
survey his re l ationship to the business environment and will 
prescribe the proper self-taught medicine . The results are 
anything but predictabl e ; yet this type of tra ining f orms a 
recommended part of any management trai ning program . 
* 4, pp . 278-279 
72 
CHAPTER VI 
PERFORMAN CE EVALUATION OF THE SU.PERVISORY ENGINEER 
The e v aluation of a worker 's performance and the 
subsequent feedback of a tailored portion of this appraisal 
is a necessary function in any business organization if it 
is to i mprove the level of efficiency. This evalua tion 
process is the primary factor in the determination of the 
engineering supervisor's financial rewards. It is also a 
requirement for the training and development of managerial 
personnel. 
The engineering supervisor's function , which is 
a complex intermingling of technical and administrative 
duties , serves to complicate the evaluation process . This 
process, to be effective, must include considerat i ons of 
both facets. A group which produces false technical re -
sults is of little value no matter h ow decisively policies 
are administered. Conversely, a technically productive 
group is ineffective if it cannot cooperate with other parts 
of the organization. Frequently, admini strative failings 
lead to discord within the groups resulting in a high labor 
turnover rate. Apparently the supervisor 's performance will 
have to be evaluated on his group ' s joint technical and busi-
ness o r i ented performance. 
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To enhance his efficiency each subordinate should: 
a. Iillow what is expected of him 
b. Have an opp ortunity to perform 
c. Know how well he is doing 
d. Receive assistance as needed 
e. Be rewarded or penalized on the basis 
of results~-
The me a sure of a good e valuation program is its ability to 
supply this information and assistance. 
"Lean Back in the Chair" Approach 
The informal or "lean back in the chair" approach 
to rating engineering supervisors is quite widesp read. It is 
fostered by the continued state of crisis usually found in 
engineering prog rams. Management insista nce upon the perform-
ance of technical tasks at all costs leaves little time for 
the n iceties of administrative functions. Evaluations are 
informally and hurriedly performed. An over-all rating or 
opinion is derived in a cursory manner without a de t ai l r ecord 
of substantiation. Con sequently, later use of the r e sults 
fo r counseling guides, indicators of improvemen t, and compar-
i s on of individuals cannot be made. The resu ltant rating, an 
i mpression retained long after the facts are forgotten, is 
lar gely governed by the following questionable factors. 
Inconvenience Factor. Much weight is uncon sciously 
a ttached to the amount of inconvenience or embarrassment the 
rating subject provides for management. An idle individual 
-'J- 4, P• 199 
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wh o causes little controversy may receive a favorable rating, 
while the true cause of the inconvenience, possibly a techni-
c a l one, goes unnoticed. 
Personal Impression Factor. The informal app raisal 
depends upon personal impressions. A group leader who appears 
well- groomed and alert will create a better impression than 
one who is preoccupied. This factor may overwhelmingly bias 
the final evaluation result while sacrificing such attributes 
as getting the job done properly, efficiency, and promptness. 
A homely analogy would be the task of "telling a book by its 
cover." 
Highlight Factor. A cursory appraisal will only 
consider performance associated wi. th outstanding problems. 
The efficient handling of routine tasks so that they do not 
develop into crisis goes unnoticed. Subordinates are encour-
aged to play up their successes and hide their failures, there-
by interjecting a wasteful public::I.ty campaign i n the day-to-day 
business operation. 
Trait Rating Plan 
One of the more formal appraisal methods used is a 
written r esult trait-rating plan. Here a number of arbi-
trarily chosen traits, such as personal qualities , methods , 
potential, etc. , are listed on a form for rating. The complex-
ity of the plan is determined by the number of minute sub-
divisions that are made in each of t he general categori es . 
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Weighting. A flexible weighting scheme is used to 
assign an order of importance to each of the attributes. 
Adaptations to any type of job category can be made by choos-
ing an appropriate weighting pattern. If the plan is to be 
used solely for one task, such as engineering management, the 
weighting factors may be built-in, and eliminated as a sepa-
rate item on the form. 
Quantitative Results. The net result of a written 
form, a numerical value, is a quantitative description of an 
individual's performance. This value can be used to compare 
i ndividuals as well as to evaluate their performance and prog-
ress. 
Counseling Provision. The individual r a tings of each 
trait provide a counseling indicator. To be effective , the 
subject must see his rating and discuss it with the evaluator. 
Since the defense of a rating is an onerous task, this feature 
must be mandatory. At subsequent evaluations, previous re-
cords can be used to indicate degrees of improvement. 
Restricted Application. A well designed appraisal 
plan should make direct contributions to the five essentials 
for individual development. Most trait rating plans evaluate 
personal attributes and fail to tell an individual what is 
expected of him; thus they are of limited value in providing 
a basis fo r planned assistance in performance improvement. 
The inability to assess a value for results is a serious 
restriction. 
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Lack of Pertinence. Supervisory posts, especially 
those which are technically oriented, are unique. To properly 
evaluate a supervisor the responsibilities of the position 
must be known or inferred. These responsibilities are often 
poorly defined, if at all, thereby leaving a sizeable un-
certainty factor. 
Trait Emphasis Versus Results . Such traits as 
aggressiveness, initiative, and tec~_nical ability are large 
factors in trait rating plans . Too little weight is placed 
upon what the supervisor is actually getting paid. for ----
results. 
Performance and Responsibility Rating Plan 
To overcome the deficiencies of trait evaluation 
a three-part plan has been suggested by Mahler and Fazier of 
Mahler Associates.~~ These stages are described as {1) ap-
praisal against a responsibility checklist, (2) appraisal 
against a statement of evidence, and (3) appraisal against 
standards of performance. The goal of this plan is to provide 
a standard of performance for a rating basis. This standard is 
formulated by the use and ultimate discard of the first two 
steps. 
The plan states as its advantage that there is no 
consideration of traits. Instead, the basic yardstick is the 
* 4, pp. 202-230 
ability to carry out a responsibility. Several considerations 
cannot be considered favorable. 
Complexity. Preparation of the three stages i s com-
plex and time consuming. The plan will support itself only 
if the organization is relatively static. In a dynamic, fast-
growing engineering organization, where responsibilities may 
change before the three stages are completed, answers are 
provided for only a short time. 
Potential Estimate Lacking. The attributes of poten-
tial and leadership are not considered. These are sacrificed 
when the job characteristics instead of the individual's 
traits are considered. Unfortunately, this suggests still 
another checklist, the fourth , as a means of rating these 
characteristics . 
Lack of Uniform Standards. Each position of respon-
sibility is considered on its own merits. Hence , there can 
be little correlation between jobs, either in the same com-
pany or in others. Since no two administrative positions 
are alike, the plan administrato~s must continually update 
checklists to organization changes and defend their validity. 
Experience gained in other departments and in oth er companies 
is rendered valueless by the assumption that each job respon-
sibility must be considered on its own merits . 
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Evidences of Evaluation Plans in Industry 
Results of Industry-Wide Sur~ey. An attitude survey 
polling 3,500 research and development workers yielded the 
following results: 
a. Are working relationships clearly defined? 
1) Between research workers 
52% doubtful or no 
48% yes 
2) Between research workers and supervisors 
52% yes 
48% doubtful or no 
b. Is there a written description of your job? 
45% no 
3o··if yes 
c. Does your 
1) 
25?6 doubtful 
supervisor counsel with you? 
On your progress against performance 
standards? 
15% never 
287~ seldom 
36% sometimes 
18% frequently 
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2) On your development needs and opportunities? 
14% never 
d. 
30% seldom 
38% sometimes 
18% frequently 
Do you receive on-the-job instruction fvom your 
supervisor? 
21% 
31% 
35% 
13% 
never 
seldom 
sometimes 
frequently* 
Thi s survey polled research and development person-
nel, not their supervisors. However, it can be reasoned that 
i f the supervisors were counseled correctly, their working 
relationships clearly defined, received on-the-job training, 
* 47, pp. 26-29 
and had their jobs fully described, they would in t urn do 
the s ame fo-r> their subordinate s. The retu-r>ns of this poll 
indicate t hat fully half the research and development indus-
try is coasting about v.ri th a "we'll do it just as soon as 
thing s ste ady down" attitude. However, a small percentag e 
of firms a-r>e resolving t h eir nebulous engineer-supervisor 
relat ionships. The number, 1<1hich appears from the survey 
to b e about 15 per cent, is regrettably small. 
Sylvania Applied ~esearch Laboratory ~~fl. Until 
recently the Applied Research Laboratory of the Sylvania 
Electric Products Corporation had an informal trait rating 
plan for professional personne l. Included in this category 
were engineers and their supervisors. The plan consisted 
of an info~al yearly interview of s ome five minutes' dura-
tion, c oupled with a simplified tra it rating sheet. Evidences 
were that little effort or time were expended in preparation 
for the interview. 
In June of 1958 this p lan was discontinued in an 
effort to find a better substitute. At this time each indi-
vidual was asked to prepare a s elf-appraisal in narrative 
form. Ques tions such as tbe follot..ring were suggested. 
a. What does t he individual think of his ov.m work? 
b. \fuat does he think the future consists of? 
c. \.J'hat are his goa ls? 
d. How can the laboratory in which he work s help 
satisfy these goals? 
f. This labora tory employs 70 pe ople an d is engaged in basic 
and apnlied t>esearch study programs primarily fo r military 
applicat ion 
-!:- 56 
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Although this survey was fo r management direction, it does 
i llustrate recognition of the mutual interdependence of man-
agemen t and the professional employee. Of particular interest 
is the first quest ion which asks for a self-made evaluation. 
A new system has been initiated consisting of per-
sonal interviews every six months for performance review. 
The ye arly salary review and the interview info rmality remain 
unchanged. 
The apparent lack of formality may appear strange, 
but upon closer examination the reasons for it become cle a r. 
The Sylvania Applied Research Laboratory, a highly special-
ized research and development organization , employs a great 
many individuals on the doctorate level. In addition, its 
technical chain of command does not follow the administra tive. 
An individual's administrative supervisor and several people 
outside his department may be reporting to him for technical 
direction. Under these conditions, any forma l program would 
be resented. 
This type of organi zation rewards individuals for 
their contribution to science and not for their abi lity to 
get along we ll with people. However, there is still a need 
for a more formal program, for engineering supervisors have 
t o b e evaluated on their job of e x tracting work from others 
if they are to improve their performance and raise the labo-
ratory efficiency. 
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From the evidence of plan substitution it appears 
that the problem of evaluation is under active consideration 
and as such, demonstrates its importance. 
Raytheon Maynard Laboratory ~~. The Raytheon Maynard 
Laboratory has no formal evaluation plan for engineering super-
visors other than a mandatory yearly review of both performance 
and salary. Transmission of review results to the subject is 
done sporadically. Salary decisions, however, are communicat-
e d inexorably by the receipt of the pay check. 
This type of informal evaluation leads to confusion 
and a sense of insecurity. At present, the technical problems 
of this organization are so involved that adequate attent:i n 
to the nicet ies of administration is be ing neglected. 
Some effort to establish a trait-rating evaluation 
scheme is evident as Raytheon corporate policy. Chart VIII 
is a reproduction of a. trai t-ra.ting form now in use to counsel 
administrative personnel to the department head level, which 
is two levels above that of the group leader. This form is 
used merely as a counseling aid. The single copy record is 
retained by the rated individual after the discussion inter-
vievr. A tab is returned to the company personnel department 
showing that the rating and interview action occurred. A 
rec ord of the rating is not permitted to be filed. 
# An engineering department of approximately 100 people en-
gaged in research and development of the rmal and fire con-
trol system. 
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RAYTHEON MANUFACTURING COMPANY 
PROGRESS INTERVIEW GUIDE 
PROFESSIONAL ADMINISTRATIVE AND EXECUTIVE PERSONNEL 
(To be given employee otter interview) 
NAME ____________ INTERVIEWED BY----------=--DATE-------
<) EVALUATION OF ABILITIES 
TECHNICAL 
I. Knowledge of field 
2. Application of knowl. to job 
3. Creativeness 
4. Ability to analyze problems 
5. Practicality 
6. Thoroughness 
SUPERVISORY 
7. Leadership 
8. Initiative and drive 
9 . Adaptability 
10. Emotional stability 
11 . Decisiveness 
12. Judgment of people 
13. Gets along with others 
GENERAL 
14. Integrity 
15. Dependabi I ity 
ORCLE MOST APPROP'f:j<J;.REIMRK 
Extensive ~~ge 
n.<v ~h ~standing ~Average 
Superior 
Substandard 
Not original 
Moderate () 
Usually prac~ High ~ Unusua~roctical 
Superior 
Good s~r only 
~\) 
Outstanding 
~uate 
'Y~ ~ Has potential 
Needs dy~te 
Can adjust'C~sily 
~<st... <M,rol 
~eci des easily 
~ Poor judge 
Unusually well 
Superior 
Always there 
Real driver 
High 
Even-tempered 
Indecisive 
Unusually keen 
Well 
Bel ow average 
Dependable 
Average 
Outstanding 
High ability 
Goes along 
Confused by 
new situations 
Occasional temper 
Sometimes slow 
Good 
Fairly well 
High 
Can't count on 
REPORT OF PROGRESS INTERVIEW 
(To be noted on employee's record) 
Insufficient 
Excellent 
High 
Below par 
Impractical 
Regularly completes 
assignments 
Little potential 
High 
Moderate 
Bod-tempered 
Above ovr.rage 
Fair 
Causes friction 
Average 
Moderately dependable 
EMPLOYEE -------,...;-;-.,..------- TITLE -----=-,.-.-----DEPT NO. -----(Print) (Print) 
PROGRESSINTERVIEWON ____ ~~----EMPLOYEE _______ -=~-~-------
(Dote) (Signature) 
SUPERVISOR-------.,-----------(Signature) 
This portion to be detached and sent by Company mail to: PROFESSIONAL PERSONNEL SECTION, 
751 MAIN ST., WALTHAM, MASS. Reference : Exec Memo 2-57 FORM NO . 4090 
Raytheon Manufacturing C ompany CHART VIII 
RAYTHEON EVALUATION FORM 
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GENERAL (contd) 
16. Job interest High Outstanding Normal Low 
17. Practical judgment Very sound Poor Good Average 
18. Promptness Procrastinates Sometimes behind 
schedule 
Usually on sch~dule Almost always 
on time 
19. Accuracy 
20. Ability to communicate 
a. Orally 
b. In writing 
c. By listening 
Average 
Interesting 
and effective 
Clear and concise 
Listens carefully 
Careless 
Usually clear 
and concise 
Usually effective 
Listens when 
agrees 
21. Major assets which will aid professional development and advancement: 
22. Major -liabilities which may hinder professional development and advancement: 
High 
Wordy and vague 
Sometimes hazy 
Li sten s even 
when disagrees 
Outstanding 
Sometimes hazy 
Wordy and confused 
Rarely listens, 
frequently interrupts 
23. Suggestions for formal or informal studies to overcome specific lack of knowledge for job performance and future advancement: 
24. Suggestions to overcome other liabi I ities: 
25. Check one of the following as an overall appraisal of job performance: 
D Outstanding D Above average 0 Satisfactory 
26. Give your opinion as to employee's potential for advancement: 
27. Other comments: 
IN THE CASE WHERE FURTHER REVIEW BY DEPT MANAGEMENT IS DESIRED: 
28. Comments of employee: 
29. Comments of Departmental Reviewer: 
(do not write below this line) 
CHART VIII 
RAYTHEON EVALUATION FORM 
0 Unsatisfactory 
Raytheon Manufacturing Com.pa.n.y 
There is some evidence that this or a similar 
scheme is being encouraged at lower supervisory levels. How-
ever, it must be remembered t hat any rating is limited by the 
capability of the evaluator. Thus a loose plan, such as that 
described, is subject to human failings. Considerably more 
effort must go into this scheme to assure its proper opera-
tion. One suggestion would be an accompanying guide sheet 
de t a iling evaluation procedures and guides . Another feature 
might be the provision for more than one evaluator. A more 
formal approach is necessary if rating plans are to be ex-
tended to less skilled, lm.J"er echelon management. 
Fenwal Engineering Department ~~. The Fenwal Engi -
neering Department has a formal trait-rating plan. The form 
used at the yearly reviev-r is illustrated in Chart IX. In 
addition to the form preparation each subordinate is require d 
to sign the docQment after a discussion interview. The re-
commendation to management for salary adjustments contains 
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the results of the current rating, plus the two previous scores. 
For a. small company, it is evident that a large amount 
of administrative effort and emphasis is being expended on this 
evaluation plan. Perhaps this is not surprising for the major 
portion of the firm's products compete in the commercial market 
where efficiency is an economic essential. 
# An engineering department of approximately 100 people engaged 
in research and development of thermal and fire control systems. 
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Dept. and Clock No. 
Title 
RATING FACTOR 
FENWAL INCORPORATED 
Ashland, Mass. 
WORK PERFORMANCE EVALUATION 
......... Name ................................... .. 
_ ,(irade 
Wage or 
······-· Salary _ 
PROFICIENCY OF WORK PERFORMANCE 
l. JOB KNOWLEDGE I j_ I I 
r-------------~------•-------+------~------r-----~------~------~------
Technical Proficiency and Lacks specific training, Very capable employee, Capable of handling only Exceptional knowJed$e of Capable of handl ing pres-
preparedness to handle knowledge insufficient for excellent educational part of present assign- job requirements. H1ghly ent assignment. Education 
Job res pons i b i l i ties. job. Incapable of handling background and training. ments . Specific education trained and experienced. and experience fit job re-
Knowledge of new con- present assignments. and training required. Expert in field . quirements well. 
cepts, ideas and techniques. 
2. QUANTITY I I I I I I I I 
Amount of output, speed Very slow, conststently Very good worker, usual - Meets job requirements, Slow, has tendency to take Consistently exceeds job 
in com pleting assign- below job requirements. ly exceeds volume of completes ass1gned work it easy, must be pushed requirements, very fast , 
ments, genera l work pace Wastes his time and that work required. in time required. occasionally to get out does exceptional amount 
in comparison to others. of others, spends too much work. of work. 
ti.me away from job. 
3. QUALITY I I I I I I I I 
Quality of work relative Careless, many errors Consistently superior in Workmanship generally Usually exceeds quality Completes assigned worK 
to asSigned standards of Work must frequently be quality as regards accu- below acceptable stand- requirements of job. with acceptable number of 
ac c uracy , thoroughness, redone, unsatisfactory racy and dependability. ards. errors. Consistently saris-
freedom from errors, and factory. 
orderliness. 
4. INITIATIVE 
Alertness, :esou~ceful_n~ss Seldom .starts work with- Cc:>mpl.etes assig~ments Sel~-start~r .. ?':Its.tand ing Initiates an.d completes Requires occasional super-
and enthusJasm 10 ongm- out aSSIStance. Must be With little supervtsory ac- aptitude 10 JOJtJatmg work work even 1f more than vtsory action to keep 
f~W~w-~~~~~gh~ction and k~~~~~rki~;.tinually to ~j~;~nd~~~:~~ proceeds in- fu;;il~;!d!d e;:rtg:~y j~b normal effort required. working. 
done. 
5. JUDGMENT I I I I I I I I 
Quality of indi v idual Judgment poor. fails to Normally uses better than Has unusual judgment. Exhibits acceptable judg- Must be given assistance 
judgment, analysis tech- use common sen$e and average judgment. Uses Keen ability to analyze ment- consistent in use in analysis of problems. 
nique and evaluation. Use consider obvious factors more than normal effort and assess all factors of of common sense and Use of ~ood judgment is 
of common sense and na- in making decisions. in applying common sense problems. Superior com- thinking ability . spasmod1c. 
tive intelligence. Logical and intelligence. moo sense. 
and criti cal thinking. 
6. COOPERATION 
Ability to follow instruc- Unduly critical of Com- Gets along well with Indifferent worker, has Exceptionally strong force Unusually willing worker, 
tion, cooperate with supe- pany supervision, trouble supervision and asso- some difficulty getting in group morale , re- has good Company atti-
riors and associates; toler- maker, will not carry out ciates. Carries out instruc- along with supervision spected, and liked by all, tude, well-lilced by super-
ance to adverse conditions, assignments with reliabil- tions well. and associates . very responsible. vision and associates . 
willingness to work under ity. 
pressure. loyalty and in-
terest . 
REMARKS : .. 
SIGNED 
Supervi&or 
TOTAL SCORE RANK ORDER 
·····················s~~ti~~···H~~d···· 
ABSENT 
TARDY 
................... .. ···········E~Pi"~Y~~······· ····-···· 
CHART IX 
FENWAL EVALUATION FORM 
··························-············ Personnel 
Form 1-141 
Fenwa.l , Inc. 
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CHAPTER VII 
SUGGESTED TRAINING PROGRAM 
In the preceding chapters we have established that 
a great need for educating engineering supervisors exists. 
They are taught to deal with facts in an analytical and logic-
al manner and usually do not fully understand the emotional 
or subjective aspects of effective leadership. It therefore 
becomes necessary to teach engineering supervisors to under-
stand and know how to persuade people to do things. More-
over, it is necessary !'or these supervisors to become versed 
in 11human relations", and develop a sincere and spontaneous 
appreciation of another human being's feelings. 
To educate engineers requires a training program. 
The content, reception and execution of such a program usually 
goes unheralded. It is these very measures that will be dis-
cussed. 
Selling the P r ogram to Management 
To .convince a technically-oriented firm that a train-
ing program for its engineering supervisors is necessary should 
not be too difficult• A large part of the managerial staff 
probably went through the experience of switching from tech-
nical to administrative duties. The difficult part of the 
selling job would be persuading the company to invest capital 
in the venture. When it comes to money there is always a 
tendency for man agement to want to re a lize a return on its 
investment. 
The first step woul d b e to present, as concisely 
as pos s ible, the dilerama of the en gineering supervisor to a 
membe r of t he nex t higher level of management. The infor-
mation conta ined in this paper is a g ood starting p oint for 
pre paring such a presentation. Basic 1•TOrking conditions in 
the en gineering fiel d c an be assumed to be well understood. 
Pointing out the apparent lack of administrative training , 
the assi gned duties of the eng ineering supe rvisor, and the 
results of many of the cited polls Y.Tould provide ample proof 
of the need for special training . Of course, this argument 
shou ld be packaged in an attractive and acceptable Hord form. 
The second step would use the second level admin-
istrator's oHn experience. His comments and suggestions for 
rewording the p~esentatlon to gain a more favorable impres-
sion at hi gh e r management level would be valuable. In addi-
tion, presenting the p roblem to him woul d involve an oral 
explanation. This is an excellent opp ortunity to polish the 
presentation, since it will be necessary to delive r lectures 
on this subject at a moment's notice if the p roject ever is 
explored by highe r management. 
The third step of the selling program is designed to 
gain t h e supp ort of hi gher level management on a funded program 
basis. This is more tha n just a word selling job. The atti-
tude tha t "it ap"!) lies to other companies, but not to us" will 
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exist, even if it is not stated. Therefore, the initial 
request should be for permission to conduct a series of inter-
views with engineers, engineering supervisors and second level 
supervisors throughout the entire comp any to gain first hand 
k noVTledge of the problems that apply particularly to the com-
pany. The cost of such a program, carried out on company 
time, would be nominal. Permission to interview at will must 
be given by management , or full cooperation may not be extend-
ed by the interviewees. The results may be startling to man-
a gement, but t h ey wi ll be in line with the convictions we have 
examined in the previous chapters. 
After preparing the ·results of the in-plant surv~, 
some estimate based on the survey should be made a s to the 
dollar savings, decreased development time, and b e tter engi-
neer morale that a proper program 1...rould give. The details of 
the p rogram and an opera ting schedule should be ready. Man-
a.gement, once aroused , wants action and delays may find man-
agement difficult to arouse a second time . 
T . e cost of the program should be estimated on a 
budge tary basis at this time . .s a rough app roximation, the 
program would re quire the time of fift een individua ls, dravm 
f rom the rank s of engineering supervisors and the management 
level above th a t, for one half-day per 1,-1ee k for a period of 
six months . This does not include a program director and the 
services of a consulting agency. The cost of guest lecture rs 
fo r approximate l y twenty tvlo-hour lectures, b ased on current 
consulting rates, should a lso be counted. 
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The choice of the management consult ants presents 
a difficult problem. It involves outlining t he inten ded 
p ro g ram to a selected g roup of consultants. A group of 
representative consulting firms is listed in Appendix A. 
After t he details of the p rogram are made kno1,m, a detai led 
de scription of hmv each organization p l ans to supp ort the 
p rog r am would b e solicited. A cost estimate and a descrip-
tion of t he c a libre of c onsulting p e rsonnel is required. 
Thi s p rop osal should be carefully evalua t ed, f or the suc-
cess of th e program hinges on it. 
Obviously this p rogram c an only b e supp orted b y 
a larg e corp oration, and small fi rms v.rill have to solve their 
supervision probl ems on an i n dividual basis. The me dium sized 
concerns could possibly adapt p ort i ons of t he p lan fo r a limit-
ed scope prog r am . The author 1 s recent expe ri ence i s an example 
of just h oH successful thi s selling phas e c an b e . During a..YJ. 
intervi e1rH:· 11-Ji th t h e I1aynai•d Laboratory I"ianage r of th e Raytheon 
1'1anufactu t>ing Comp any, i t wa s necessa"':"y to outline v e rbally 
the content of t his thesi s. At the v ery mention of this tra in-
i n g program, he gav e almost instant app rov a l for an afte r hours, 
voluntary progr am a t no cos t to t he company. His actions 
demonstt'a t ed t ha t t he problem made sens e, v.ra s instantly recog-
nized and deemed important, but that no f undi ng for such a 
p r ogram v.ras available . Although t he subject Ha s not p resse d , 
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he gave the impression that corporate management might be 
interested at a late r date, for they already support tech-
nician and secretarial training programs . 
Program De t~ils 
Principles of the Program. The program will be 
based on the principle of "guided self-help " . As engineers 
are trained to state problems , break them down into competent 
parts , and effect solutions , there is no reason why they can 
not apply these principles to advance their own administrative 
understanding . Therefore , they should be called upon to ex-
amine their own position and problems to determine the areas 
in which they lack information and need guidance . This aspect 
of the program generates an enthusiastic attitude that a static , 
spoon fed , prescribed curriculum would n o t . 
Engineers are not expected to know everything. I f 
they did they wouldn ' t be in the aHkward p osition we have 
described. Therefore , i t is necessary to engage the servi ces 
of adviso rs who are familiar with the "human relati ons " ap-
proach. This contribution to t he program shou l d be made by a 
management consultant group . The effo rt described as the 
"guidance function" is to be appl i ed indirectly and obtrusely, 
the better to retain the "self-help" features and avoid dampen-
ing enthusiasm. 
Format. The meeting sessions of the trial group 
should be limited to one three-hour session each week. More 
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would be preferable, but company functions must be recognized. 
The leader or moderator of these sessions would be the company 
employee designated as the director of the program. 
The program would first be concerned with outlining 
the trouble areas t h at concern the trial group . In the ini-
tial discussion periods the basic curriculum would be pre -
scribed by the trainees themselves. The nguidance function", 
which has independently surveyed the problem, would only in-
terject thoughts and suggestions when it appeared that the 
trainees would not approach certain areas of their ovm voli-
tion . This procedure generates a high level of enthusiasm at 
the outset, and the same enthusiasm should be maintained 
thr oughout the program. 
After setting forth the basic problems, group dis-
cussions are effected to analyze these problems, draw solutions 
from the collective experience of the trainees, and outline 
areas of instruction. Each problem would be thought out and 
fought out in detail to de termine a workable app roach for all 
engineering supervi s ors. The "guidance function" would unob-
trusively aid in these discussions. 
The program director, after conferences with t h e 
"guidance function," arranges for and schedules lecture s and 
oth er necessary aids. This materi a l is to be delivered by 
s~eakers from the company itself, local universities, the 
management consult ants, or perhaps from other companies. 
Complete records of the proceedings should be k ept; 
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they would form the basis for progress reports t o management, 
and they would provide a foundation structure for future 
training programs. 
Guidance Function. The 11 guidance function" is sup-
plied by the program director and the management consultants , 
operating as a team. This team meets privately to prepare 
for each session. Its function is to supply a subtle steer-
ing action without revealing its intent to the train ees . 
The information supplied. by this· "guidance function 11 
would not normally be possessed by the engineering personnel. 
For instance, the trait rating plan mentioned earlier might 
not be known to the trainees. The introduction of this type 
of management instrument would lead to serious debate. The 
outcome would be the formulation of a plan that would meet 
the particular needs of the organization, alternate methods 
of providing the same service, and lastly, an intelligent and 
meaningful acceptance or rejection of the scheme . The deci-
sion notwithstanding, the group would at least have had the 
benefit of considering the management consultant experience. 
Any number of subjects could thus be interjected and explored. 
The need for secrecy on the part of the "guidance 
function" cannot be too highly stressed. Any detraction from 
the 11 self-help 11 principle would seriously impair the group 
enthusiasm and adversely affect results. 
Trial Group . The number of t rainees in the trial 
group, fifteen, allows good direction and work-ability. A 
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larger number is too cumbersome, and a smaller group would 
restrict the scope of the program. A smaller group would also 
train too fei.V p eople . The group size might conceivably be 
raised to twenty-five in later programs after some experience 
has been acquired. 
The members of the trial group are to b e selected 
in equal numbers from the group leader category and from the 
next higher level of management. In the formative stages of 
the program, the advice of the higher supervisory level is 
valuable, for these individuals were successful group leaders 
before their promotion. 
One stipulation is necessary in the selection of the 
trainees. Fo group leader should be a member of the trial 
group if his supervisor is also a member. This condition would 
stifle candid participation. 
The exact selection of individuals would depend on 
many factors, the most dominant being enthusiasm for the pro-
gram. An indication of this trait could be obtained from the 
original in-plant survey. 
Program Director. The program director is responsible 
fo r the administration and coordina tion of the entire program. 
He must be enthusiastic and capable of self direction. Suc-
cessful execution of the program depends on his abilities. He 
therefore must be given a considerable personal stake in the 
program outcome. 
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Execution of the Program 
Program execution consists of good administrative 
handling of details. Most important, after cost and survey 
details are known, is selling the program. After this, the 
selection of the trial group and the contractual arrangements 
with consultant groups present little difficulty. Routine 
problems , such as arranging meeting space, inviting guest 
lecturers, and securing detailed discussion notes, are time 
consuming but not difficult. These functions are the duties 
of the program director, and he has been chosen for his ca-
pabilities, as well as for his enthusiasm. 
As added insurance, and probably in answer to a 
management re quest , progress reports will be issued. They 
will keep the program on a business basis and remind the group 
members that they all share in the responsibility for the suc-
cess of the program. 
Some provision for role playing (psychodrama) should 
be made during the latter part of the training program. This 
powerful training tool provides practice in exploring difficult 
"human relation" problems~ 
Role playing or psychodrama is a method which applies 
the same approach as the case study, but the case study is 
acted , as on a stage. The action leading up to the situation 
is narrated, and the players then show how they would handle 
t h e problem. Thus the trainees help to train themselves in a 
business simulated environment. Thi s avoids the severe morale 
95 
problems which would result if "human relation" fundamentals 
were learned on-the-job by trial and error techniques. 
One interesting application of role playing lies 
in the area of evaluation rating. By setting up artificial 
circumstances, a trainee learns t h e stresses of human rela-
tions. The task of telling a subordinate why his work is 
not satisfactory is sometimes difficult. Mistakes would be 
corrected, suggestions made, and experience gained through 
such role playing. 
Evaluation of the Program 
To e valuate the true worth of this program, one 
must test its results in action. There is no numerical 
standard by which to judge its effectiveness. The only other 
index is opinion which requires another poll. 
Formulation of the second questionnaire will be 
the last project of the trainee group. The people queried 
will be from three categories: the engineering supervisors 
in the trainee group, their subordinates, and their super-
visors. The poll would be taken twice, six months and a 
year after the training program ended . 
This poll would indicate the extent of increased 
efficiency of the engineering supervisor and its effect on 
his subordinates. The future of the training program would 
be determined by the data. 
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Perpetuation 
Ir the survey results were ravorable , there would 
be an incentive ror perpetuat ing the program . The services 
or the management consultant team may no longer be required, 
since a precedent ha s b een set, records kept, opinions reach-
ed, and most general avenues explored. Instead , t he guidance 
runction could be carried out by the progr~m director and two 
graduates rrom the original course. Full participation by 
the second level or management would not be nece ssary, a l-
though token representation would b e welc ome. 
It would be p os s ible to enlarge the group slightly 
and to provide ror a multiple group arrangement , which would 
allow joint attendance at lectures rollowed by separate dis-
cussion sessions. Such steps would reduce the operating costs 
or the program. Similar economies must necessarily b e consid-
ered when training all the group leaders or a large organiza-
tion. Furthermore , the training level may be extended later 
to include promising group leader candidate s. A little admin-
istrative training would not hurt a working engineer, either. 
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CHAPTl:!.R VIII 
CONCLUSION 
Undeniably modern day research and development 
activities are becoming ever more import ant to our economy 
as well as t o the national security. The r ole of the engi-
neer or scientist supp orting these activities parallels that 
of the firm tha t employs him. Unfortunately, trained person-
nel are always in short supply . A number of steps are be i ng 
taken to alleviate this shortage. One method that promises 
a measure of s u ccess increases the efficien cy of scientific 
ope rations b y provi ding bett er management for the working 
enginee r . 
Ho st engineers are supervised by an engineering 
g roup leader who is usually chosen for his technical ability 
r a ther than for his administrative· talents. His training has 
been primarily technical. Th erefore , administrative ineffi -
ciency and rather severe morale problems are encountered at 
t he l owest engineering echelons where , unfortunately, most of 
the scientific personnel a re found . 
It becomes necessary to create a hybrid engineer 
for tnis supervisory task . A leader is needed who is ski l led 
in t he \.Jays of management and at the same time technically 
competent. 
At present , few or no o rganized training programs 
are available to prepare a man for the transition from engi-
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neering to engineering supervision. If t h is situation is 
corrected by the research industries , they will lower their 
development costs and help alleviate the engineering person-
ne l shortage . 
A "guided self-help" principle has been outlined 
in this paper in an effort to establish a sound method that 
industry can use to train engineering supervisors. The plan, 
which is large and expensive, cannot be used in its proposed 
form b y small concerns. Fortunately, adaptat ions of the basic 
portion of the plan, a concerted group inspection of super-
viso ry problems , can be used by all but the smallest firms . 
Tailored programs based upon the proposed plan can give al-
most a ll t~~es of engineering firms relief from their p ress -
ing engineering supervisory problem. 
Industry can be accused of wasting one of its pre-
sently available training aids , the evaluation rating plano 
Few firms give any atte nti on to formulating and executing a 
supervisory personnel evaluation. This powerful tool, oper-
ating on performance feedback , can help supervisors overcome 
their shortcomings. Without it, self-help is unguided and 
inefficient. Well conceived and properly executed engineer-
i ng supervisory evaluation p l ans are a necessity. 
Educational institutions can do more to provide 
adequate supervisory training . Business Administration cur-
riculums can place more emphasis on "human relations ." Role 
playing, an ad lib dramatization of the emotional aspects of 
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leading people, is often ignored. This teaching aid is deemed 
.fully as important to "human relations" as the case study 
technique is to management methods. With such classroom in-
struction, supervisors can safely explore techniques which 
would probably cause morale problems if tried in normal v.rork-
ing relat ionships. 
The present haphazard evolutionary selection process 
for choosing engineering supervisors is inadequate and often 
s a crifices efficiency and morale. The future vrill certa inly 
bring greater emphasis on engineering supervisory training 
by industry and educational institutions. 
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APPENDIX A 
List of Management Consult ants 
deemed applicable for training program 
American Institute for Research 
410 Amberson Avenue, Pittsburgh 32, Penn. 
Booz, Allen & Hamilton 
135 South LaSalle Street, Chicago 3, Ill. 
Cresap, McCormack & Paget 
342 Madison Avenue, New York 17, N .• Y. 
The Emerson Engineers 
30 Rockefeller Plaza, New York 20, N. Y. 
Also Sherman Oaks, Calif. 
Edward N. Hay & Associated, Inc. 
Room 1621, 121 South Broad Street 
Philadelphia 7, Pennsylvania 
William E. Hill & Company, Inc. 
640 Fifth Avenue, New York 19, N. Y. 
Arthur D. Little, Inc. 
30 Memorial Drive, Cambridge 42, Mass. 
Mahler Associates 
420 Madison Avenue, New York 17, N. Y. 
Management Service, Inc. 
P.O. Box 18192, Houston, Texas 
Methods Engineering Council 
718 Wallace Avenue, Pittsburg 21, Penn. 
Bernard J. Muller- Thym, Management Consultant 
418 West 118th Street, New York 27, N. Y. 
Albert Ramond & Associates, Inc. 
435 N. Michigan Avenue 
Chicago 11, Illinois 
Rogers Slade & Hill 
551 Fifth Avenue, New York 17, N.Y. 
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